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Fig. 28
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Fig. 29
IL-6R04 humanized clones in teh IL-6/IL-6R assay
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Fig. 30
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Fig. 31
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Fig. 32
Stability test of IL6R13 +humanised versions
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Fig. 34
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Fig. 37 -
Compelition assay with IL-6 alexa 647
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Fig. 38
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Fig. 39
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Fig. 44
Epitope mapping
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Fig. 47

XRPotency: B-N12 coat-+cyno plasma+
dilutions series of NB-+50 ng/mL (L-6 (2007-07-11)

—o- [L6R02
1.57 i -o- ILBRO3
~o IL6R04
~o- IL6ROS
~<~ IL6R0O6
-0- IL6RO7
-9~ IL6RO8
- IL6R10
~v- |L6R11
-9 IL6R12
—~— |L6R13
—4— |L6R14
-+ |L6R65
-+ |L6R38
-~ Alb8
-~ Ref. Fab

1.0

0D450nm

0.5

0.0'
0001 0.01 0.1 1 10 100 1000
log(nM NB)



U.S. Patent Apr. 14, 2020 Sheet 61 of 62 US 10,618,966 B2

Fig. 48
XRPotency: B-N12 coat + cyno plasma +
dilutions series of NB + 50 ng/mL IL-6 (2007-07-12-CORR)
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Fig. 50

A  XRPotency: B-N12 coat + human plasma + dilutions
series of NB + 50 ng/mL IL-6 (2007-07-13-CORR)
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1
METHODS FOR THE TREATMENT OF
INTERLEUKIN-6 RECEPTOR-RELATED
DISEASES AND DISORDERS

RELATED APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 14/259,192, filed Apr. 23, 2014, now issued as U.S. Pat.
No. 9,605,072, which is a divisional of U.S. application Ser.
No. 14/143,022, filed Dec. 30, 2013, now issued as U.S. Pat.
No. 9,611,326, which is a divisional of U.S. application Ser.
No. 12/310,223, filed Dec. 8, 2009, now issued as U.S. Pat.
No. 8,629,244, which is national stage filing under 35 U.S.C.
§ 371 of international application PCT/EP2007/058587,
filed Aug. 17, 2007, which was published under PCT Article
21(2) in English, and claims the benefit under 35 U.S.C. §
119(e) of U.S. provisional application Ser. No. 60/838,904,
filed Aug. 18, 2006, U.S. provisional application Ser. No.
60/873,012, filed Dec. 5, 2006, and U.S. provisional appli-
cation Ser. No. 60/938,325, filed May 16, 2007, the disclo-
sures of which are incorporated by reference herein in their
entireties.

FIELD OF THE INVENTION

The present invention relates to amino acid sequences that
are directed against (as defined herein) Interleukin-6 Recep-
tor (IL-6R), as well as to compounds or constructs, and in
particular proteins and polypeptides, that comprise or essen-
tially consist of one or more such amino acid sequences (also
referred to herein as “amino acid sequences of the inven-
tion”, “compounds of the invention”, and “polypeptides of
the invention”, respectively).

The invention also relates to nucleic acids encoding such
amino acid sequences and polypeptides (also referred to
herein as “nucleic acids of the invention” or “nucleotide
sequences of the invention”); to methods for preparing such
amino acid sequences and polypeptides; to host cells
expressing or capable of expressing such amino acid
sequences or polypeptides; to compositions, and in particu-
lar to pharmaceutical compositions, that comprise such
amino acid sequences, polypeptides, nucleic acids and/or
host cells; and to uses of such amino acid sequences or
polypeptides, nucleic acids, host cells and/or compositions,
in particular for prophylactic, therapeutic or diagnostic pur-
poses, such as the prophylactic, therapeutic or diagnostic
purposes mentioned herein.

Other aspects, embodiments, advantages and applications
of the invention will become clear from the further descrip-
tion herein.

BACKGROUND OF THE INVENTION

The interaction of 1L.-6, a protein originally identified as
a B cell differentiation factor (Hirano et al., 1985;
EP0257406), with IL-6R (Yamasaki et al, 1988;
EP0325474) results in the formation of the IL-6/IL-6R
complex. This complex binds to gp130 (Taga et al., 1989;
EP0411946), a membrane protein on a target cell, which
transmits various physiological actions of IL-6. IL.-6 is
currently known to be involved in—amongst others—the
regulation of the immune response, hematopoiesis, the acute
phase response, bone metabolism, angiogenesis, and inflam-
mation. Deregulation of IL.-6 production is implicated in the
pathology of several autoimmune and chronic inflammatory
proliferative disease processes (Ishihara and Hirano, 2002).
As a consequence, inhibitors of I[.-6 induced signaling have
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attracted much attention in the past (Hirano et al., 1990).
Polypeptides specifically binding to IL-6 (Klein et al., 1991;
EP0312996), IL-6R (EP0409607) or gpl30 (Saito et al.,
1993; EP0572118) proved to exhibit an efficient inhibitory
effect on IL.-6 functioning.

IL-6 overproduction and signalling (and in particular
so-called trans-signalling) are involved in various diseases
and disorders, such as sepsis (Starnes et al., 1999) and
various forms of cancer such as multiple myeloma disease
(MM), renal cell carcinoma (RCC), plasma cell leukaemia
(Klein et al., 1991), lymphoma, B-lymphoproliferative dis-
order (BLPD) and prostate cancer. Non-limiting examples of
other diseases caused by excessive 1L-6 production or
signalling include bone resorption (osteoporosis) (Roodman
et al., 1992; Jilka et al., 1992), cachexia (Strassman et al.,
1992), psoriasis, mesangial proliferative glomerulonephritis,
Kaposi’s sarcoma, AIDS-related lymphoma (Emilie et al.,
1994), inflammatory diseases and disorder such as rheuma-
toid arthritis, systemic onset juvenile idiopathic arthritis,
hypergammaglobulinemia (Grau et al., 1990); Crohn’s dis-
ease, ulcerative colitis, systemic lupus erythematosus (SLE),
multiple sclerosis, Castleman’s disease, I[gM gammopathy,
cardiac myxoma, asthma (in particular allergic asthma) and
autoimmune insulin-dependent diabetes mellitus (Campbell
etal., 1991). Other IL-6 related disorders will be clear to the
skilled person.

As can for example be seen from the references above, the
prior art describes antibodies and antibody fragments
directed against human I[.-6, against human IL-6R and
against human gp130 protein for the prevention and treat-
ment of 1L-6 relates disorders. Examples are Tocilizumab
(see Woo P, et al. Arthritis Res Ther. (2005) 7: 1281-8,
Nishimoto N et al. Blood. (2005) 106: 2627-32, Ito H et al.
Gastroenterology. (2004) 126: 989-96, Choy E H et al.
Arthritis Rheum. (2002) 46: 3143-50.), BES (see Bataille R
et al. Blood (1995) 86:685-91, Emilie D et al. Blood (1994)
84:2472-9, Beck J T et al. N Engl J Med. (1994) 330:602-5,
Wendling D et al. J Rheumatol. (1993) 20:259-62.) and
CNTO-328 of Centocor (see Journal of Clinical Oncology,
(2004) 22/14S: 2560; Journal of Clinical Oncology, (2004)
22/14S: 2608; Int J Cancer (2004) 111:592-5). Another
active principle known in the art for the prevention and
treatment of IL-6 related disorders is an Fc fusion of soluble
gp130 (see Becker C et al. Immunity. (2004) 21: 491-501,
Doganci A et al. J Clin Invest. (2005) 115:313-25, Nowell M
A et al. ] Immunol. (2003) 171: 3202-9, Atreya R et al. Nat
Med. (2000) 6:583-8.)

SUMMARY OF THE INVENTION

The amino acid sequences, polypeptides and composi-
tions of the present invention can generally be used to
modulate, and in particular inhibit and/or prevent, binding of
IL-6R to IL-6 and/or binding of the IL.-6/IL-6R complex to
gp130 and thus to modulate, and in particular inhibit or
prevent, the signalling that is mediated by IL-6R, IL-6,
IL6/IL-6R complex or gpl30 to modulate the biological
pathways in which IL-6R, 1[.-6, the IL6/IL-6R complex
and/or gp130 are involved, and/or to modulate the biological
mechanisms, responses and effects associated with such
signalling or these pathways.

In the context of the present invention “modulating the
interaction between IL-6/IL-6R complex and gp130” can for
example mean:

binding to IL-6R (i.e. as such or as present in the

IL-6/IL-6R complex) in such a way that the formation
of the IL-6/IL-6R complex is inhibited or affected (e.g.
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fully or partially disrupted) in such a way that the
binding of the complex to—e.g. its affinity for—gp130
is reduced (or reversely, that the binding of gp 130
to—e.g. its affinity for—the complex is reduced), so
that the signaling induced/mediated by the binding of
the complex to gp130 is modulated (e.g. reduced);

or

binding to IL-6R (i.e. as such or as present in the

IL-6/IL-6R complex) in such a way that the formation
of the IL-6/IL.-6R complex essentially is not affected
but that the binding of said complex to gpl30 is
modulated (e.g. inhibited), so that the signalling
induced/mediated by the binding of the complex to
gp130 is modulated (e.g. reduced);

both compared to the formation of the complex and its

binding to gpl30 without the presence of the amino acid

sequence or Nanobody of the invention.

Accordingly, in one specific, but non-limiting aspect, the
invention provides polypeptides and compositions that are,
and/or that can be used as, an antagonist of 1L-6, of IL-6R,
of IL-6- or IL-6R-mediated signalling, and/or of the bio-
logical pathways mechanisms, responses and/or effects in
which IL-6, IL-6R and/or IL-6- or I[.-6R mediated signal-
ling are involved.

As such, the amino acid sequences, polypeptides and
compositions of the invention may for example bind an
epitope that lies in, forms part of, or overlaps with (i.e. in the
primary or tertiary structure) or is in close proximity to (i.e.
in the primary or tertiary structure) to the IL-6 binding site
on IL-6R (for example, competitively with IL-6); bind an
epitope that lies in, forms part of, or overlaps with (i.e. in the
primary or tertiary structure) or is in close proximity to (i.e.
in the primary or tertiary structure) the gp130 binding site on
IL-6R (for example, competitively with gp130); and/or bind
an epitope that lies in, forms part of, or overlaps with (i.e. in
the primary or tertiary structure) or is in close proximity to
(i.e. in the primary or tertiary structure) the gp 130 binding
sitte on the complex (for example, competitively with
gpl130). Preferably, any such epitope is an extracellular
epitope. Some specific epitopes to which the amino acid
sequences, Nanobodies and polypeptides of the invention
may preferably bind will become clear from the further
description herein.

As such, the amino acid sequences, polypeptides and
compositions of the present invention can be used for the
prevention and treatment of diseases and disorders associ-
ated with IL-6R, IL.-6 and/or with the IL.-6/IL.-6R complex
(optionally in further complex with gp130), and/or with the
signaling pathway(s) and/or the biological functions and
responses in which IL-6 and/or the IL-6/IL-6R complex
(optionally in further complex with gp130) are involved, and
in particular for the prevention and treatment of diseases and
disorders associated with IL-6R, IL-6 and/or with the IL-6/
IL-6R complex (optionally in further complex with gp130),
and/or with the signaling pathway(s) and/or the biological
functions and responses in which IL-6R, IL.-6 and/or with
the IL-6/IL-6R complex (optionally in further complex with
gp130) are involved, which are characterized by excessive
and/or unwanted signalling mediated by IL-6R or by the
pathway(s) in which IL-6R is involved. Examples of such
diseases and disorders associated with IL-6R, IL-6 and/or
with the IL-6/IL-6R complex, and/or with the signaling
pathway(s) and/or the biological functions and responses in
which IL-6 and/or the IL-6/IL.-6R complex are involved,
will be clear to the skilled person based on the disclosure
herein, and for example include the following diseases and
disorders: sepsis (Starnes et al., 1999) and various forms of
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cancer such as multiple myeloma disease (MM), renal cell
carcinoma (RCC), plasma cell leukaemia (Klein et al.,
1991), lymphoma, B-lymphoproliferative disorder (BLPD)
and prostate cancer. Non-limiting examples of other diseases
caused by excessive IL-6 production or signalling include
bone resorption (osteoporosis) (Roodman et al., 1992; Jilka
et al., 1992), cachexia (Strassman et al., 1992), psoriasis,
mesangial proliferative glomerulonephritis, Kaposi’s sar-
coma, AIDS-related lymphoma (Emilie et al., 1994), inflam-
matory diseases and disorder such as rheumatoid arthritis,
systemic onset juvenile idiopathic arthritis, hypergamma-
globulinemia (Grau et al., 1990); Crohn’s disease, ulcerative
colitis, systemic lupus erythematosus (SLE), multiple scle-
rosis, Castleman’s disease, IgM gammopathy, cardiac
myxoma, asthma (in particular allergic asthma) and auto-
immune insulin-dependent diabetes mellitus (Campbell et
al., 1991). Other IL-6R, IL-6 and/or IL-6/IL-6R complex
related disorders will be clear to the skilled person. Such
diseases and disorders are also generally referred to herein
as “IL-6R related disorders”.

Thus, without being limited thereto, the amino acid
sequences and polypeptides of the invention can for example
be used to prevent and/or to treat all diseases and disorders
that are currently being prevented or treated with active
principles that can modulate IL-6R-mediated signalling,
such as those mentioned in the prior art cited above. It is also
envisaged that the polypeptides of the invention can be used
to prevent and/or to treat all diseases and disorders for which
treatment with such active principles is currently being
developed, has been proposed, or will be proposed or
developed in future. In addition, it is envisaged that, because
of' their favourable properties as further described herein, the
polypeptides of the present invention may be used for the
prevention and treatment of other diseases and disorders
than those for which these known active principles are being
used or will be proposed or developed; and/or that the
polypeptides of the present invention may provide new
methods and regimens for treating the diseases and disorders
described herein.

Other applications and uses of the amino acid sequences
and polypeptides of the invention will become clear to the
skilled person from the further disclosure herein.

DETAILED DESCRIPTION OF THE
INVENTION

Generally, it is an object of the invention to provide
pharmacologically active agents, as well as compositions
comprising the same, that can be used in the diagnosis,
prevention and/or treatment of one or more IL-6R related
disorders (as defined herein); and to provide methods for the
diagnosis, prevention and/or treatment of such diseases and
disorders that involve the administration and/or use of such
agents and compositions.

In particular, it is an object of the invention to provide
such pharmacologically active agents, compositions and/or
methods that have certain advantages compared to the
agents, compositions and/or methods that are currently used
and/or known in the art. These advantages will become clear
from the further description below.

More in particular, it is an object of the invention to
provide therapeutic proteins that can be used as pharmaco-
logically active agents, as well as compositions comprising
the same, for the diagnosis, prevention and/or treatment of
one or more IL.-6R related disorders (as defined herein); and
to provide methods for the diagnosis, prevention and/or
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treatment of such diseases and disorders that involve the
administration and/or the use of such therapeutic proteins
and compositions.

Accordingly, it is a specific object of the present invention
to provide amino acid sequences and polypeptides that are
directed against (as defined herein) IL-6R, in particular
against IL-6R from a warm-blooded animal, more in par-
ticular against IL-6R from a mammal, and especially against
human IL-6R; and to provide proteins and polypeptides
comprising or essentially consisting of at least one such
amino acid sequence.

In particular, it is a specific object of the present invention
to provide such amino acid sequences and such proteins
and/or polypeptides that are suitable for prophylactic, thera-
peutic and/or diagnostic use in a warm-blooded animal, and
in particular in a mammal, and more in particular in a human
being.

More in particular, it is a specific object of the present
invention to provide such amino acid sequences and such
proteins and/or polypeptides that can be used for the pre-
vention, treatment, alleviation and/or diagnosis of one or
more [L-6R related disorders (as defined herein) in a warm-
blooded animal, in particular in a mammal, and more in
particular in a human being.

It is also a specific object of the invention to provide such
amino acid sequences and such proteins and/or polypeptides
that can be used in the preparation of pharmaceutical or
veterinary compositions for the prevention and/or treatment
of one or more IL.-6R related disorders (as defined herein) in
a warm-blooded animal, in particular in a mammal, and
more in particular in a human being.

In the invention, generally, these objects are achieved by
the use of the amino acid sequences, proteins, polypeptides
and compositions that are described herein.

In general, the invention provides amino acid sequences
and polypeptides that are directed against (as defined herein)
and/or can specifically bind (as defined herein) to IL-6R; as
well as compounds and constructs, and in particular proteins
and polypeptides, that comprise at least one such amino acid
sequence.

More in particular, the invention provides amino acid
sequences that can bind to IL-6R with an affinity (suitably
measured and/or expressed as a K,,-value (actual or appar-
ent), a K -value (actual or apparent), a k_,-rate and/or a
k,srate, or alternatively as an ICs, value, as further
described herein) that is as defined herein; as well as
compounds and constructs, and in particular proteins and
polypeptides, that comprise at least one such amino acid
sequence.

In particular, amino acid sequences and polypeptides of
the invention are preferably such that they:

bind to IL-6R with a dissociation constant (K ) of 107> to

107'2 moles/liter or less, and preferably 1077 to 1072
moles/liter or less and more preferably 10~% to 1072
moles/liter (i.e. with an association constant (K,) of
10° to 10** liter/moles or more, and preferably 107 to
10"2 liter/moles or more and more preferably 10® to
10"2 liter/moles);
and/or such that they:
bind to IL-6R with a k_,-rate of between 10> M~'s™! to
about 107 M~'s™!, preferably between 10° M~'s~! and
10* M~'s™!, more preferably between 10* M~ s™* and
107 M~'s7!, such as between 10° M~!s™' and 107
M st
and/or such that they:

bind to IL-6R with a k rate between 1s7* (,,,=0.69 s)

and 107° s! (providing a near irreversible complex
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with a t, , of multiple days), preferably between 1072
s~! and 107% 57!, more preferably between 107> s~ and
107% 57!, such as between 10™* 57" and 107% s7!.

Preferably, a monovalent amino acid sequence of the
invention (or a polypeptide that contains only one amino
acid sequence of the invention) is preferably such that it will
bind to IL-6R with an affinity less than 500 nM, preferably
less than 200 nM, more preferably less than 10 nM, such as
less than 500 pM.

Some preferred IC50 values for binding of the amino acid
sequences or polypeptides of the invention to IL-6R will
become clear from the further description and examples
herein.

For binding to IL-6R, an amino acid sequence of the
invention will usually contain within its amino acid
sequence one or more amino acid residues or one or more
stretches of amino acid residues (i.e. with each “stretch”
comprising two or amino acid residues that are adjacent to
each other or in close proximity to each other, i.e. in the
primary or tertiary structure of the amino acid sequence) via
which the amino acid sequence of the invention can bind to
IL-6R, which amino acid residues or stretches of amino acid
residues thus form the “site” for binding to IL-6R (also
referred to herein as as the “antigen binding site™).

The amino acid sequences provided by the invention are
preferably in essentially isolated form (as defined herein), or
form part of a protein or polypeptide of the invention (as
defined herein), which may comprise or essentially consist
of one or more amino acid sequences of the invention and
which may optionally further comprise one or more further
amino acid sequences (all optionally linked via one or more
suitable linkers). For example, and without limitation, the
one or more amino acid sequences of the invention may be
used as a binding unit in such a protein or polypeptide,
which may optionally contain one or more further amino
acid sequences that can serve as a binding unit (i.e. against
one or more other targets than IL-6R), so as to provide a
monovalent, multivalent or multispecific polypeptide of the
invention, respectively, all as described herein. Such a
protein or polypeptide may also be in essentially isolated
form (as defined herein).

Generally, when an amino acid sequence of the invention
(or a compound, construct or polypeptide comprising the
same) is intended for administration to a subject (for
example for therapeutic and/or diagnostic purposes as
described herein), it is preferably either an amino acid
sequence that does not occur naturally in said subject; or,
when it does occur naturally in said subject, in essentially
isolated form (as defined herein).

It will also be clear to the skilled person that for phar-
maceutical use, the amino acid sequences of the invention
(as well as compounds, constructs and polypeptides com-
prising the same) are preferably directed against human
IL-6R; whereas for veterinary purposes, the amino acid
sequences and polypeptides of the invention are preferably
directed against IL-6R from the species to be treated, or at
at least cross-reactive with IL-6R from the species to be
treated.

Furthermore, an amino acid sequence of the invention (or
compound, construct or polypeptide comprising one or more
such amino acid sequences) may optionally, and in addition
to the at least one binding site for binding against IL-6R,
contain one or more further binding sites for binding against
other antigens, proteins or targets.

The efficacy of the amino acid sequences and polypep-
tides of the invention, and of compositions comprising the
same, can be tested using any suitable in vitro assay,
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cell-based assay, in vivo assay and/or animal model known
per se, or any combination thereof, depending on the specific
disease or disorder involved. Suitable assays and animal
models will be clear to the skilled person, and for example
include proliferation assays using IL.6-dependent cell lines
including B9, XG1 and 7TDI1, collagen induced arthritis
model, transplant model of synovial tissue in SCID mice,
xenograft models of various human cancers, including lym-
phoma, myeloma, prostate cancer and renal cell carcinoma,
IBD models including TNBS, DSS and IL.10 knockout
models, as well as the assays and animal models used in the
experimental part below and in the prior art cited herein
(Peake et al., Rheumatology 2006; 45(12):1485-9; Wahid et
al.; Clin Exp Immunol. 2000, 122:133-142; Matsuno et al.,
Arthritis and rheumatism, 1998, 41: 2014-2021).

Also, according to the invention, amino acid sequences
and polypeptides that are directed against I[.-6R from a first
species of warm-blooded animal may or may not show
cross-reactivity with IL-6R from one or more other species
of warm-blooded animal, by which is meant that these
amino acid sequences are also “directed against” (as defined
herein) and/or are capable of specific binding to (as defined
herein) IL-6R from said warm-blooded animal. For
example, amino acid sequences and polypeptides directed
against human IL-6R may or may not show cross reactivity
with IL-6R from one or more other species of primates (such
as, without limitation, monkeys from the genus Macaca
(such as, and in particular, cynomologus monkeys (Macaca
fascicularis) and/or rhesus monkeys (Macaca mulatta)) and
baboon (Papio ursinus)) and/or with IL-6R from one or
more species of animals that are often used in animal models
for diseases (for example mouse, rat, rabbit, pig or dog), and
in particular in animal models for diseases and disorders
associated with IL-6R (such as the species and animal
models mentioned herein). In this respect, it will be clear to
the skilled person that such cross-reactivity, when present,
may have advantages from a drug development point of
view, since it allows the amino acid sequences and poly-
peptides against human IL-6R to be tested in such disease
models. In a preferred but non-limiting aspect, the amino
acid sequences of the invention (as well as compounds,
constructs and polypeptides comprising the same) may be
cross-reactive with the amino acid sequence for IL.-6R from
Macaca fascicularis that is given in SEQ 1D NO: 633. For
this sequence and the corresponding cDNA sequence, ref-
erence is also made to the non-prepublished US provisional
application filed by Ablynx N. V. on Jul. 19, 2007 entitled
“Receptor for interleukin-6 (I1L-6) from Macaca fascicu-
laris”; see SEQ ID NO: 3 and FIG. 1B for the ¢cDNA
sequence and SEQ ID NO: 4 and FIG. 3B for the amino acid
sequence.

More generally, amino acid sequences and polypeptides
of the invention that are cross-reactive with IL-6R from
multiple species of mammal will usually be advantageous
for use in veterinary applications, since it will allow the
same amino acid sequence or polypeptide to be used across
multiple species. Thus, it is also encompassed within the
scope of the invention that amino acid sequences and
polypeptides directed against IL.-6R from one species of
animal (such as amino acid sequences and polypeptides
against human IL-6R) can be used in the treatment of
another species of animal, as long as the use of the amino
acid sequences and/or polypeptides provide the desired
effects in the species to be treated.

The present invention is in its broadest sense also not
particularly limited to or defined by a specific antigenic
determinant, epitope, part, domain, subunit or confirmation
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(where applicable) of IL-6R against which the amino acid
sequences and polypeptides of the invention are directed.
However, it is generally assumed and preferred that the
amino acid sequences and polypeptides of the invention are
preferably directed against any epitope of the IL.-6 receptor
involved in the interaction of the IL-6 receptor with IL-6.

Such epitopes or interaction sites have been described in
detail in Boulanger et al. (2003) (Science 300, 2101-2104)
and reference is specifically made to FIG. 2 in cited refer-
ence. More preferably, the amino acid sequences and poly-
peptides of the present invention are directed against an
extracellular domain of the IL-6 receptor. Still more pref-
erably, the amino acid sequences and polypeptides of the
present invention are directed against the extracellular D3
domain of the IL-6 receptor. Still more preferably, the amino
acid sequences and polypeptides of the present invention
interact with one or more of the 18 contact residues as
described in Boulanger et al. 2003 (Science 300, 2101-2104)
present in the extracellular D3 domain of the IL.-6 receptor
that contribute to the interaction of the IL.-6 receptor with
IL-6. Most preferably, the amino acid sequences and poly-
peptides of the present invention interact with amino acid
residues Phe229 and Phe279 present in the extracellular D3
domain of the IL.-6 receptor.

Thus, in one preferred, but non-limiting aspect, the amino
acid sequences and polypeptides of the invention are
directed against any epitope of the I[.-6 receptor involved in
the interaction of the IL-6 receptor with IL-6, and are as
further defined herein.

Alternatively, the amino acid sequences and polypeptides
of the invention are directed against any epitope of the IL-6
receptor involved in the interaction of the IL-6 receptor with
gpl130. Such epitopes or interaction sites have been
described in detail in Boulanger et al. (2003) (Science 300,
2101-2104) and reference is specifically made to FIG. 2 in
cited reference.

In this context, according to a non-limiting aspect, amino
acid sequences and polypeptides of the invention are pref-
erably such that they can compete for binding to the IL-6
receptor with the commercially available human-mouse
reconstituted chimeric monoclonal anti-IL6R antibody
Tocilizumab (MRA) (Chugai/Roche) or an antigen binding
fragment thereof (see for example WO 92/19759 and cor-
responding FEuropean patent EP 0628639, as well as
Shinkura et al., 1998, Anticancer Research 18, 1217-1222),
for example in the assay described in Example 29; and/or
such that they can bind to the same epitope or binding site
on IL-6R as Tocilizumab, or to an epitope close to said
binding site and/or overlapping with said binding site.

Also, according to a non-limiting aspect, amino acid
sequences and polypeptides of the invention are preferably
such that they can compete for binding to the IL.-6 receptor
with the reference IgG and/or reference Fab according to
patent EP 0628639; and/or such that they can bind to the
same epitope or binding site on I[.-6R as said reference IgG
or reference Fab, or to an epitope close to said binding site
and/or overlapping with said binding site. For the prepara-
tion and sequence of said reference IgG and reference Fab,
reference is made to Reference Example 1 below, as well as
to SEQ ID NO’s: 629 to 632.

Thus, generally and without limitation, amino acid
sequences and polypeptides of the invention may be directed
against any epitope of the IL-6 receptor involved in the
interaction of the IL.-6 receptor with IL.-6 and/or gp130.

The amino acid sequences and polypeptides of the inven-
tion are also preferably (but without limitation) such that
they effect a decrease (i.e. by at least 1 percent such as by
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at least 10 percent or more) in the levels of C-reactive
protein (CRP) in a mammal (such as a human subject or in
a suitable animal model for inflammation such as the cyno-
molgus monkey model used in the experimental part below)
when they are administered to said mammal in a therapeu-
tically relevant amount.

It is also within the scope of the invention that, where
applicable, an amino acid sequence or polypeptide of the
invention can bind to two or more antigenic determinants,
epitopes, parts, domains, subunits or confirmations of
IL-6R. In such a case, the antigenic determinants, epitopes,
parts, domains or subunits of IL.-6R to which the amino acid
sequences and/or polypeptides of the invention bind may be
essentially the same (for example, if IL-6R contains repeated
structural motifs or occurs in a multimeric form) or may be
different (and in the latter case, the amino acid sequences
and polypeptides of the invention may bind to such different
antigenic determinants, epitopes, parts, domains, subunits of
IL-6R with an affinity and/or specificity which may be the
same or different). Also, for example, when IL-6R exists in
an activated conformation and in an inactive conformation,
the amino acid sequences and polypeptides of the invention
may bind to either one of these confirmation, or may bind to
both these confirmations (i.e. with an affinity and/or speci-
ficity which may be the same or different). Also, for
example, the amino acid sequences and polypeptides of the
invention may bind to a conformation of IL-6R in which it
is bound to a pertinent ligand, may bind to a conformation
of IL-6R in which it not bound to a pertinent ligand, or may
bind to both such conformations (again with an affinity
and/or specificity which may be the same or different).

It is also expected that the amino acid sequences and
polypeptides of the invention will generally bind to all
naturally occurring or synthetic analogs, variants, mutants,
alleles, parts and fragments of IL-6R; or at least to those
analogs, variants, mutants, alleles, parts and fragments of
IL-6R that contain one or more antigenic determinants or
epitopes that are essentially the same as the antigenic
determinant(s) or epitope(s) to which the amino acid
sequences and polypeptides of the invention bind in IL.-6R
(e.g. in wild-type IL-6R). Again, in such a case, the amino
acid sequences and polypeptides of the invention may bind
to such analogs, variants, mutants, alleles, parts and frag-
ments with an affinity and/or specificity that are the same as,
or that are different from (i.e. higher than or lower than), the
affinity and specificity with which the amino acid sequences
of'the invention bind to (wild-type) IL-6R. It is also included
within the scope of the invention that the amino acid
sequences and polypeptides of the invention bind to some
analogs, variants, mutants, alleles, parts and fragments of
IL-6R, but not to others.

When IL-6R exists in a monomeric form and in one or
more multimeric forms, it is within the scope of the inven-
tion that the amino acid sequences and polypeptides of the
invention only bind to IL-6R in monomeric form, only bind
to IL-6R in multimeric form, or bind to both the monomeric
and the multimeric form. Again, in such a case, the amino
acid sequences and polypeptides of the invention may bind
to the monomeric form with an affinity and/or specificity that
are the same as, or that are different from (i.e. higher than or
lower than), the affinity and specificity with which the amino
acid sequences of the invention bind to the multimeric form.

Also, when IL-6R can associate with other proteins or
polypeptides to form protein complexes (e.g. with multiple
subunits), it is within the scope of the invention that the
amino acid sequences and polypeptides of the invention bind
to IL-6R in its non-associated state, bind to IL-6R in its
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associated state, or bind to both. In all these cases, the amino
acid sequences and polypeptides of the invention may bind
to such multimers or associated protein complexes with an
affinity and/or specificity that may be the same as or different
from (i.e. higher than or lower than) the affinity and/or
specificity with which the amino acid sequences and poly-
peptides of the invention bind to IL-6R in its monomeric and
non-associated state.

Also, as will be clear to the skilled person, proteins or
polypeptides that contain two or more amino acid sequences
directed against IL-6R may bind with higher avidity to
IL-6R than the corresponding monomeric amino acid
sequence(s). For example, and without limitation, proteins
or polypeptides that contain two or more amino acid
sequences directed against different epitopes of IL.-6R may
(and usually will) bind with higher avidity than each of the
different monomers, and proteins or polypeptides that con-
tain two or more amino acid sequences directed against
IL-6R may (and usually will) bind also with higher avidity
to a multimer of IL-6R.

Generally, amino acid sequences and polypeptides of the
invention will at least bind to those forms of IL-6R (includ-
ing monomeric, multimeric and associated forms) that are
the most relevant from a biological and/or therapeutic point
of view, as will be clear to the skilled person.

It is also within the scope of the invention to use parts,
fragments, analogs, mutants, variants, alleles and/or deriva-
tives of the amino acid sequences and polypeptides of the
invention, and/or to use proteins or polypeptides comprising
or essentially consisting of one or more of such parts,
fragments, analogs, mutants, variants, alleles and/or deriva-
tives, as long as these are suitable for the uses envisaged
herein. Such parts, fragments, analogs, mutants, variants,
alleles and/or derivatives will usually contain (at least part
of) a functional antigen-binding site for binding against
IL-6R; and more preferably will be capable of specific
binding to IL-6R, and even more preferably capable of
binding to IL.-6R with an affinity (suitably measured and/or
expressed as a K,-value (actual or apparent), a K ,-value
(actual or apparent), a k,-rate and/or a k ,-rate, or alterna-
tively as an IC;, value, as further described herein) that is as
defined herein. Some non-limiting examples of such parts,
fragments, analogs, mutants, variants, alleles, derivatives,
proteins and/or polypeptides will become clear from the
further description herein. Additional fragments or polypep-
tides of the invention may also be provided by suitably
combining (i.e. by linking or genetic fusion) one or more
(smaller) parts or fragments as described herein.

In one specific, but non-limiting aspect of the invention,
which will be further described herein, such analogs,
mutants, variants, alleles, derivatives have an increased
half-life in serum (as further described herein) compared to
the amino acid sequence from which they have been derived.
For example, an amino acid sequence of the invention may
be linked (chemically or otherwise) to one or more groups
or moieties that extend the half-life (such as PEG), so as to
provide a derivative of an amino acid sequence of the
invention with increased half-life.

In one specific, but non-limiting aspect, the amino acid
sequence of the invention may be an amino acid sequence
that comprises an immunoglobulin fold or may be an amino
acid sequence that, under suitable conditions (such as physi-
ological conditions) is capable of forming an immunoglobu-
lin fold (i.e. by folding). Reference is inter alia made to the
review by Halaby et al., J. (1999) Protein Eng. 12, 563-71.
Preferably, when properly folded so as to form an immu-
noglobulin fold, such an amino acid sequence is capable of
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specific binding (as defined herein) to IL-6R; and more
preferably capable of binding to IL-6R with an affinity
(suitably measured and/or expressed as a K,-value (actual
or apparent), a K -value (actual or apparent), a k, -rate
and/or a k,-rate, or alternatively as an ICs, value, as further
described herein) that is as defined herein. Also, parts,
fragments, analogs, mutants, variants, alleles and/or deriva-
tives of such amino acid sequences are preferably such that
they comprise an immunoglobulin fold or are capable for
forming, under suitable conditions, an immunoglobulin fold.

In particular, but without limitation, the amino acid
sequences of the invention may be amino acid sequences
that essentially consist of 4 framework regions (FR1 to FR4
respectively) and 3 complementarity determining regions
(CDRI1 to CDR3 respectively); or any suitable fragment of
such an amino acid sequence (which will then usually
contain at least some of the amino acid residues that form at
least one of the CDR’s, as further described herein).

The amino acid sequences of the invention may in par-
ticular be an immunoglobulin sequence or a suitable frag-
ment thereof, and more in particular be an immunoglobulin
variable domain sequence or a suitable fragment thereof,
such as light chain variable domain sequence (e.g. a V-
sequence) or a suitable fragment thereof; or a heavy chain
variable domain sequence (e.g. a V-sequence) or a suitable
fragment thereof. When the amino acid sequence of the
invention is a heavy chain variable domain sequence, it may
be a heavy chain variable domain sequence that is derived
from a conventional four-chain antibody (such as, without
limitation, a V,, sequence that is derived from a human
antibody) or be a so-called V-sequence (as defined
herein) that is derived from a so-called “heavy chain anti-
body” (as defined herein).

However, it should be noted that the invention is not
limited as to the origin of the amino acid sequence of the
invention (or of the nucleotide sequence of the invention
used to express it), nor as to the way that the amino acid
sequence or nucleotide sequence of the invention is (or has
been) generated or obtained. Thus, the amino acid sequences
of the invention may be naturally occurring amino acid
sequences (from any suitable species) or synthetic or semi-
synthetic amino acid sequences. In a specific but non-
limiting aspect of the invention, the amino acid sequence is
a naturally occurring immunoglobulin sequence (from any
suitable speies) or a synthetic or semi-synthetic immuno-
globulin sequence, including but not limited to “humanized”
(as defined herein) immunoglobulin sequences (such as
partially or fully humanized mouse or rabbit immunoglobu-
lin sequences, and in particular partially or fully humanized
Vi sequences or Nanobodies), “camelized” (as defined
herein) immunoglobulin sequences, as well as immuno-
globulin sequences that have been obtained by techniques
such as affinity maturation (for example, starting from
synthetic, random or naturally occurring immunoglobulin
sequences), CDR grafting, veneering, combining fragments
derived from different immunoglobulin sequences, PCR
assembly using overlapping primers, and similar techniques
for engineering immunoglobulin sequences well known to
the skilled person; or any suitable combination of any of the
foregoing. Reference is for example made to the standard
handbooks, as well as to the further description and prior art
mentioned herein.

Similarly, the nucleotide sequences of the invention may
be naturally occurring nucleotide sequences or synthetic or
semi-synthetic sequences, and may for example be
sequences that are isolated by PCR from a suitable naturally
occurring template (e.g. DNA or RNA isolated from a cell),
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nucleotide sequences that have been isolated from a library
(and in particular, an expression library), nucleotide
sequences that have been prepared by introducing mutations
into a naturally occurring nucleotide sequence (using any
suitable technique known per se, such as mismatch PCR),
nucleotide sequence that have been prepared by PCR using
overlapping primers, or nucleotide sequences that have been
prepared using techniques for DNA synthesis known per se.

The amino acid sequence of the invention may in par-
ticular be a domain antibody (or an amino acid sequence that
is suitable for use as a domain antibody), a single domain
antibody (or an amino acid sequence that is suitable for use
as a single domain antibody), a “dAb” (or an amino acid
sequence that is suitable for use as a dAb) or a Nanobody®
(as defined herein, and including but not limited to a V
sequence); other single variable domains, or any suitable
fragment of any one thereof. For a general description of
(single) domain antibodies, reference is also made to the
prior art cited above, as well as to EP 0 368 684. For the term
“dAb’s”, reference is for example made to Ward et al.
(Nature 1989 October 12; 341 (6242): 544-6), to Holt et al.,
Trends Biotechnol., 2003, 21(11):484-490; as well as to for
example WO 06/030220, WO 06/003388 and other pub-
lished patent applications of Domantis Ltd. It should also be
noted that, although less preferred in the context of the
present invention because they are not of mammalian origin,
single domain antibodies or single variable domains can be
derived from certain species of shark (for example, the
so-called “IgNAR domains”, see for example WO
05/18629).

In particular, the amino acid sequence of the invention
may be a Nanobody® (as defined herein) or a suitable
fragment thereof. [Note: Nanobody®, Nanobodies® and
Nanoclone® are registered trademarks of Ablynx N. V(]
Such Nanobodies directed against IL-6R will also be
referred to herein as “Nanobodies of the invention™.

For a general description of Nanobodies, reference is
made to the further description below, as well as to the prior
art cited herein. In this respect, it should however be noted
that this description and the prior art mainly described
Nanobodies of the so-called “V 3 class” (i.e. Nanobodies
with a high degree of sequence homology to human germ-
line sequences of the V3 class such as DP-47, DP-51 or
DP-29), which Nanobodies form a preferred aspect of this
invention. It should however be noted that the invention in
its broadest sense generally covers any type of Nanobody
directed against I[.-6R, and for example also covers the
Nanobodies belonging to the so-called “V A4 class” (i.e.
Nanobodies with a high degree of sequence homology to
human germline sequences of the V4 class such as DP-78),
as for example described in the U.S. provisional application
60/792,279 by Ablynx N. V. entitled “DP-78-like Nanobod-
ies” filed on Apr. 14, 2006.

Generally, Nanobodies (in particular V,, sequences and
partially humanized Nanobodies) can in particular be char-
acterized by the presence of one or more “Hallmark resi-
dues” (as described herein) in one or more of the framework
sequences (again as further described herein).

Thus, generally, a Nanobody can be defined as an amino
acid sequence with the (general) structure

FR1-CDRI1-FR2-CDR2-FR3-CDR3-FR4

in which FR1 to FR4 refer to framework regions 1 to 4,
respectively, and in which CDR1 to CDR3 refer to the
complementarity determining regions 1 to 3, respectively,
and in which one or more of the Hallmark residues are as
further defined herein.
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In particular, a Nanobody can be an amino acid sequence
with the (general) structure

FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4

in which FR1 to FR4 refer to framework regions 1 to 4,
respectively, and in which CDR1 to CDR3 refer to the
complementarity determining regions 1 to 3, respectively,
and in which the framework sequences are as further defined
herein.

Thus, the invention also relates to such Nanobodies that
can bind to (as defined herein) and/or are directed against
IL-6R, to suitable fragments thereof, as well as to polypep-
tides that comprise or essentially consist of one or more of
such Nanobodies and/or suitable fragments.

SEQ ID NO’s 399 to 471 give the amino acid sequences
of'a number of V; sequences that have been raised against
IL-6R.

Accordingly, some particularly preferred Nanobodies of
the invention are Nanobodies which can bind (as further
defined herein) to and/or are directed against to IL.-6R and
which:

a) have 80% amino acid identity with at least one of the
amino acid sequences of SEQ ID NO’s: 399 to 471, in
which for the purposes of determining the degree of
amino acid identity, the amino acid residues that form the
CDR sequences are disregarded. In this respect, reference
is also made to Table A-1, which lists the framework 1
sequences (SEQ ID NO’s: 42 to 92), framework 2
sequences (SEQ ID NO’s: 144 to 194), framework 3
sequences (SEQ ID NO’s: 246 to 296) and framework 4
sequences (SEQ ID NO’s: 348 to 398) of the Nanobodies
of SEQ ID NO’s: 399 to 471 (with respect to the amino
acid residues at positions 1 to 4 and 27 to 30 of the
framework 1 sequences, reference is also made to the
comments made below. Thus, for determining the degree
of amino acid identity, these residues are preferably
disregarded);

and in which:

b) preferably one or more of the amino acid residues at
positions 11, 37, 44, 45, 47, 83, 84, 103, 104 and 108
according to the Kabat numbering are chosen from the
Hallmark residues mentioned in Table A-3 below (it being
understood that V,,; sequences will contain one or more
Hallmark residues; and that partially humanized Nano-
bodies will usually, and preferably, [still] contain one or
more Hallmark residues [although it is also within the
scope of the invention to provide—where suitable in
accordance with the invention—partially humanized
Nanobodies in which all Hallmark residues, but not one or
more of the other amino acid residues, have been human-
ized]; and that in fully humanized Nanobodies, where
suitable in accordance with the invention, all amino acid
residues at the positions of the Hallmark residues will be
amino acid residues that occur in a human V.3 sequence.
As will be clear to the skilled person based on the
disclosure herein that such V; sequences, such partially
humanized Nanobodies with at least one Hallmark resi-
due, such partially humanized Nanobodies without Hall-
mark residues and such fully humanized Nanobodies all
form aspects of this invention).

In these Nanobodies, the CDR sequences are generally as
further defined herein.

Again, such Nanobodies may be derived in any suitable
manner and from any suitable source, and may for example
be naturally occurring V,,;; sequences (i.e. from a suitable
species of Camelid) or synthetic or semi-synthetic amino
acid sequences, including but not limited to “humanized” (as
defined herein) Nanobodies, “camelized” (as defined herein)
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immunoglobulin sequences (and in particular camelized
heavy chain variable domain sequences), as well as Nano-
bodies that have been obtained by techniques such as affinity
maturation (for example, starting from synthetic, random or
naturally occurring immunoglobulin sequences), CDR graft-
ing, veneering, combining fragments derived from different
immunoglobulin sequences, PCR assembly using overlap-
ping primers, and similar techniques for engineering immu-
noglobulin sequences well known to the skilled person; or
any suitable combination of any of the foregoing as further
described herein. Also, when a Nanobody comprises a V
sequence, said Nanobody may be suitably humanized, as
further described herein, so as to provide one or more further
(partially or fully) humanized Nanobodies of the invention.
Similarly, when a Nanobody comprises a synthetic or semi-
synthetic sequence (such as a partially humanized
sequence), said Nanobody may optionally be further suit-
ably humanized, again as described herein, again so as to
provide one or more further (partially or fully) humanized
Nanobodies of the invention.

In particular, humanized Nanobodies may be amino acid
sequences that are as generally defined for Nanobodies in
the previous paragraphs, but in which at least one amino acid
residue is present (and in particular, in at least one of the
framework residues) that is and/or that corresponds to a
humanizing substitution (as defined herein). Some preferred,
but non-limiting humanizing substitutions (and suitable
combinations thereof) will become clear to the skilled
person based on the disclosure herein. In addition, or alter-
natively, other potentially useful humanizing substitutions
can be ascertained by comparing the sequence of the frame-
work regions of a naturally occurring V ;;; sequence with the
corresponding framework sequence of one or more closely
related human V,, sequences, after which one or more of the
potentially useful humanizing substitutions (or combina-
tions thereof) thus determined can be introduced into said
Vi sequence (in any manner known per se, as further
described herein) and the resulting humanized V.
sequences can be tested for affinity for the target, for
stability, for ease and level of expression, and/or for other
desired properties. In this way, by means of a limited degree
of'trial and error, other suitable humanizing substitutions (or
suitable combinations thereof) can be determined by the
skilled person based on the disclosure herein. Also, based on
the foregoing, (the framework regions of) a Nanobody may
be partially humanized or fully humanized.

Some particularly preferred humanized Nanobodies of the
invention are humanized variants of the Nanobodies of SEQ
ID NO’s: 399 to 471.

Thus, some other preferred Nanobodies of the invention
are Nanobodies which can bind (as further defined herein) to
IL-6R and which:

a) are a humanized variant of one of the amino acid
sequences of SEQ ID NO’s: 399 to 471; and/or

b) have 80% amino acid identity with at least one of the
amino acid sequences of SEQ ID NO’s: 399 to 471, in
which for the purposes of determining the degree of
amino acid identity, the amino acid residues that form the

CDR sequences are disregarded;
and in which:
¢) preferably one or more of the amino acid residues at

positions 11, 37, 44, 45, 47, 83, 84, 103, 104 and 108

according to the Kabat numbering are chosen from the

Hallmark residues mentioned in Table A-3 below

Some preferred, but non-limiting examples of humanized
Nanobodies of the Invention are given in SEQ ID NO’s: 609
to 628.
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According to another specific aspect of the invention, the
invention provides a number of streches of amino acid
residues (i.e. small peptides) that are particularly suited for
binding to IL-6R. These streches of amino acid residues may
be present in, and/or may be corporated into, an amino acid
sequence of the invention, in particular in such a way that
they form (part of) the antigen binding site of an amino acid
sequence of the invention. As these streches of amino acid
residues were first generated as CDR sequences of heavy
chain antibodies or V,, sequences that were raised against
IL-6R (or may be based on and/or derived from such CDR
sequences, as further described herein), they will also gen-
erally be referred to herein as “CDR sequences” (i.e. as
CDRI1 sequences, CDR2 sequences and CDR3 sequences,
respectively). It should however be noted that the invention
in its broadest sense is not limited to a specific structural role
or function that these streches of amino acid residues may
have in an amino acid sequence of the invention, as long as
these stretches of amino acid residues allow the amino acid
sequence of the invention to bind to IL-6R. Thus, generally,
the invention in its broadest sense comprises any amino acid
sequence that is capable of binding to IL-6R and that
comprises one or more CDR sequences as described herein
and, and in particular a suitable combination of two or more
such CDR sequences, that are suitably linked to each other
via one or more further amino acid sequences, such that the
entire amino acid sequence forms a binding domain and/or
binding unit that is capable of binding to IL-6R. It should
however also be noted that the presence of only one such
CDR sequence in an amino acid sequence of the invention
may by itself already be sufficient to provide an amino acid
sequence of the invention that is capable of binding to
IL-6R; reference is for example again made to the so-called
“Expedite fragments” described in WO 03/050531.

Thus, in another specific, but non-limiting aspect, the
amino acid sequence of the invention may be an amino acid
sequence that comprises at least one amino acid sequence
that is chosen from the group consisting of the CDRI1
sequences, CDR2 sequences and CDR3 sequences that are
described herein (or any suitable combination thereof). In
particular, an amino acid sequence of the invention may be
an amino acid sequence that comprises at least one antigen
binding site, wherein said antigen binding site comprises at
least one amino acid sequence that is chosen from the group
consisting of the CDR1 sequences, CDR2 sequences and
CDR3 sequences that are described herein (or any suitable
combination thereof).

Generally, in this aspect of the invention, the amino acid
sequence of the invention may be any amino acid sequence
that comprises at least one stretch of amino acid residues, in
which said stretch of amino acid residues has an amino acid
sequence that corresponds to the sequence of at least one of
the CDR sequences described herein. Such an amino acid
sequence may or may not comprise an immunoglobulin fold.
For example, and without limitation, such an amino acid
sequence may be a suitable fragment of an immunoglobulin
sequence that comprises at least one such CDR sequence,
but that is not large enough to form a (complete) immuno-
globulin fold (reference is for example again made to the
“Expedite fragments” described in WO 03/050531). Alter-
natively, such an amino acid sequence may be a suitable
“protein scaffold” that comprises least one stretch of amino
acid residues that corresponds to such a CDR sequence (i.e.
as part of its antigen binding site). Suitable scaffolds for
presenting amino acid sequences will be clear to the skilled
person, and for example comprise, without limitation, to
binding scaffolds based on or derived from immunoglobu-
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lins (i.e. other than the immunoglobulin sequences already
described herein), protein scaffolds derived from protein A
domains (such as Affibodies™), tendamistat, fibronectin,
lipocalin, CTLA-4, T-cell receptors, designed ankyrin
repeats, avimers and PDZ domains (Binz et al, Nat. Biotech
2005, Vol 23:1257), and binding moieties based on DNA or
RNA including but not limited to DNA or RNA aptamers
(Ulrich et al._Comb Chem High Throughput Screen 2006
9(8):619-32).

Again, any amino acid sequence of the invention that
comprises one or more of these CDR sequences is preferably
such that it can specifically bind (as defined herein) to
IL-6R, and more in particular such that it can bind to IL-6R
with an affinity (suitably measured and/or expressed as a
K-value (actual or apparent), a K ;,-value (actual or appar-
ent), a k,,-rate and/or a k-rate, or alternatively as an 1Cy,
value, as further described herein), that is as defined herein.

More in particular, the amino acid sequences according to
this aspect of the invention may be any amino acid sequence
that comprises at least one antigen binding site, wherein said
antigen binding site comprises at least two amino acid
sequences that are chosen from the group consisting of the
CDRI1 sequences described herein, the CDR2 sequences
described herein and the CDR3 sequences described herein,
such that (i) when the first amino acid sequence is chosen
from the CDRI1 sequences described herein, the second
amino acid sequence is chosen from the CDR2 sequences
described herein or the CDR3 sequences described herein;
(i1) when the first amino acid sequence is chosen from the
CDR2 sequences described herein, the second amino acid
sequence is chosen from the CDRI1 sequences described
herein or the CDR3 sequences described herein; or (iii)
when the first amino acid sequence is chosen from the CDR3
sequences described herein, the second amino acid sequence
is chosen from the CDR1 sequences described herein or the
CDR3 sequences described herein.

Even more in particular, the amino acid sequences of the
invention may be amino acid sequences that comprise at
least one antigen binding site, wherein said antigen binding
site comprises at least three amino acid sequences that are
chosen from the group consisting of the CDR1 sequences
described herein, the CDR2 sequences described herein and
the CDR3 sequences described herein, such that the first
amino acid sequence is chosen from the CDR1 sequences
described herein, the second amino acid sequence is chosen
from the CDR2 sequences described herein, and the third
amino acid sequence is chosen from the CDR3 sequences
described herein. Preferred combinations of CDR1, CDR2
and CDR3 sequences will become clear from the further
description herein. As will be clear to the skilled person,
such an amino acid sequence is preferably an immunoglobu-
lin sequence (as further described herein), but it may for
example also be any other amino acid sequence that com-
prises a suitable scaffold for presenting said CDR sequences.

Thus, in one specific, but non-limiting aspect, the inven-
tion relates to an amino acid sequence directed against
IL-6R, that comprises one or more stretches of amino acid
residues chosen from the group consisting of:

a) the amino acid sequences of SEQ ID NO’s: 93 to 143;
b) amino acid sequences that have at least 80% amino acid
identity with at least one of the amino acid sequences of

SEQ ID NO’s: 93 to 143;
¢) amino acid sequences that have 3, 2, or 1 amino acid

difference with at least one of the amino acid sequences

of SEQ ID NO’s: 93 to 143;

d) the amino acid sequences of SEQ ID NO’s: 195 to 245;
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e) amino acid sequences that have at least 80% amino acid
identity with at least one of the amino acid sequences of
SEQ ID NO’s: SEQ ID NO’s: 195 to 245;

f) amino acid sequences that have 3, 2, or 1 amino acid
difference with at least one of the amino acid sequences
of SEQ ID NO’s: 195 to 245;

g) the amino acid sequences of SEQ ID NO’s: 297 to 347,

h) amino acid sequences that have at least 80% amino acid
identity with at least one of the amino acid sequences of
SEQ ID NO’s: 297 to 347,

i) amino acid sequences that have 3, 2, or 1 amino acid
difference with at least one of the amino acid sequences
of SEQ ID NO’s: 297 to 347,

or any suitable combination thereof.

When an amino acid sequence of the invention contains
one or more amino acid sequences according to b) and/or ¢):
i) any amino acid substitution in such an amino acid

sequence according to b) and/or c¢) is preferably, and

compared to the corresponding amino acid sequence
according to a), a conservative amino acid substitution,

(as defined herein);
and/or
ii) the amino acid sequence according to b) and/or c)

preferably only contains amino acid substitutions, and no

amino acid deletions or insertions, compared to the cor-

responding amino acid sequence according to a);
and/or
iii) the amino acid sequence according to b) and/or ¢) may

be an amino acid sequence that is derived from an amino

acid sequence according to a) by means of affinity matu-
ration using one or more techniques of affinity maturation
known per se.

Similarly, when an amino acid sequence of the invention
contains one or more amino acid sequences according to )
and/or f):

i) any amino acid substitution in such an amino acid
sequence according to e) and/or f) is preferably, and
compared to the corresponding amino acid sequence
according to d), a conservative amino acid substitution,
(as defined herein);

and/or

ii) the amino acid sequence according to e) and/or f)
preferably only contains amino acid substitutions, and no
amino acid deletions or insertions, compared to the cor-
responding amino acid sequence according to d);

and/or

iii) the amino acid sequence according to e) and/or f) may be
an amino acid sequence that is derived from an amino acid
sequence according to d) by means of affinity maturation
using one or more techniques of affinity maturation
known per se.

Also, similarly, when an amino acid sequence of the
invention contains one or more amino acid sequences
according to h) and/or 1):

i) any amino acid substitution in such an amino acid
sequence according to h) and/or i) is preferably, and
compared to the corresponding amino acid sequence
according to g), a conservative amino acid substitution,
(as defined herein);

and/or

ii) the amino acid sequence according to h) and/or i)
preferably only contains amino acid substitutions, and no
amino acid deletions or insertions, compared to the cor-
responding amino acid sequence according to g);

and/or

iii) the amino acid sequence according to h) and/or 1) may be
an amino acid sequence that is derived from an amino acid
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sequence according to g) by means of affinity maturation

using one or more techniques of affinity maturation

known per se.

It should be understood that the last preceding paragraphs
also generally apply to any amino acid sequences of the
invention that comprise one or more amino acid sequences
according to b), ¢), e), ), h) or 1), respectively.

In this specific aspect, the amino acid sequence preferably
comprises one or more stretches of amino acid residues
chosen from the group consisting of:

1) the amino acid sequences of SEQ ID NO’s: 93 to 143;

i1) the amino acid sequences of SEQ ID NO’s: 195 to 245;
and

iii) the amino acid sequences of SEQ ID NO’s: 297 to 347,

or any suitable combination thereof.

Also, preferably, in such an amino acid sequence, at least
one of said stretches of amino acid residues forms part of the
antigen binding site for binding against IL-6R.

In a more specific, but again non-limiting aspect, the
invention relates to an amino acid sequence directed against
IL-6R, that comprises two or more stretches of amino acid
residues chosen from the group consisting of:

a) the amino acid sequences of SEQ ID NO’s: 93 to 143;

b) amino acid sequences that have at least 80% amino acid
identity with at least one of the amino acid sequences of
SEQ ID NO’s: 93 to 143;

¢) amino acid sequences that have 3, 2, or 1 amino acid
difference with at least one of the amino acid sequences
of SEQ ID NO’s: 93 to 143;

d) the amino acid sequences of SEQ ID NO’s: 195 to 245;

e) amino acid sequences that have at least 80% amino acid
identity with at least one of the amino acid sequences of
SEQ ID NO’s: 195 to 245,

f) amino acid sequences that have 3, 2, or 1 amino acid
difference with at least one of the amino acid sequences
of SEQ ID NO’s: 195 to 245,

g) the amino acid sequences of SEQ ID NO’s: 297 to 347;

h) amino acid sequences that have at least 80% amino acid
identity with at least one of the amino acid sequences of
SEQ ID NO’s: 297 to 347,

i) amino acid sequences that have 3, 2, or 1 amino acid
difference with at least one of the amino acid sequences
of SEQ ID NO’s: 297 to 347,

such that (i) when the first stretch of amino acid residues

corresponds to one of the amino acid sequences according to

a), b) or c), the second stretch of amino acid residues

corresponds to one of the amino acid sequences according to

d), e), 1), g), h) or 1); (ii) when the first stretch of amino acid

residues corresponds to one of the amino acid sequences

according to d), e) or f), the second stretch of amino acid
residues corresponds to one of the amino acid sequences
according to a), b), ¢), g), h) or 1); or (iii) when the first
stretch of amino acid residues corresponds to one of the
amino acid sequences according to g), h) or 1), the second
stretch of amino acid residues corresponds to one of the

amino acid sequences according to a), b), ¢), d), e) or f).
In this specific aspect, the amino acid sequence preferably

comprises two or more stretches of amino acid residues

chosen from the group consisting of:

1) the amino acid sequences of SEQ ID NO’s: 93 to 143;

i1) the amino acid sequences of SEQ ID NO’s: 195 to 245;
and

iii) the amino acid sequences of SEQ ID NO’s: 297 to 347,

such that, (i) when the first stretch of amino acid residues

corresponds to one of the amino acid sequences of SEQ ID

NO’s: 93 to 143, the second stretch of amino acid residues

corresponds to one of the amino acid sequences of SEQ ID
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NO’s: 195 to 245 or of SEQ ID NO’s: 297 to 347; (ii) when

the first stretch of amino acid residues corresponds to one of

the amino acid sequences of SEQ ID NO’s: 195 to 245, the
second stretch of amino acid residues corresponds to one of
the amino acid sequences of SEQ ID NO’s: 93 to 143 or of

SEQ ID NO’s: 297 to 347, or (iii) when the first stretch of

amino acid residues corresponds to one of the amino acid

sequences of SEQ ID NO’s: 297 to 347, the second stretch
of' amino acid residues corresponds to one of the amino acid
sequences of SEQ ID NO’s: 93 to 143 or of SEQ ID NO’s:

195 to 245.

Also, in such an amino acid sequence, the at least two
stretches of amino acid residues again preferably form part
of the antigen binding site for binding against IL-6R.

In an even more specific, but non-limiting aspect, the
invention relates to an amino acid sequence directed against
IL-6R, that comprises three or more stretches of amino acid
residues, in which the first stretch of amino acid residues is
chosen from the group consisting of:

a) the amino acid sequences of SEQ ID NO’s: 93 to 143;

b) amino acid sequences that have at least 80% amino acid
identity with at least one of the amino acid sequences of
SEQ ID NO’s: 93 to 143;

¢) amino acid sequences that have 3, 2, or 1 amino acid
difference with at least one of the amino acid sequences
of SEQ ID NO’s: 93 to 143;

the second stretch of amino acid residues is chosen from the

group consisting of:

d) the amino acid sequences of SEQ ID NO’s: 195 to 245;

e) amino acid sequences that have at least 80% amino acid
identity with at least one of the amino acid sequences of
SEQ ID NO’s: 195 to 245;

f) amino acid sequences that have 3, 2, or 1 amino acid
difference with at least one of the amino acid sequences
of SEQ ID NO’s: 195 to 245;

and the third stretch of amino acid residues is chosen from

the group consisting of:

g) the amino acid sequences of SEQ ID NO’s: 297 to 347,

h) amino acid sequences that have at least 80% amino acid
identity with at least one of the amino acid sequences of
SEQ ID NO’s: 297 to 347,

i) amino acid sequences that have 3, 2, or 1 amino acid
difference with at least one of the amino acid sequences
of SEQ ID NO’s: 297 to 347.

Preferably, in this specific aspect, the first stretch of amino
acid residues is chosen from the group consisting of the
amino acid sequences of SEQ ID NO’s: 93 to 143; the
second stretch of amino acid residues is chosen from the
group consisting of the amino acid sequences of SEQ ID
NO’s: 195 to 245; and the third stretch of amino acid
residues is chosen from the group consisting of the amino
acid sequences of SEQ ID NO’s: 297 to 347.

Again, preferably, in such an amino acid sequence, the at
least three stretches of amino acid residues forms part of the
antigen binding site for binding against IL-6R.

Preferred combinations of such stretches of amino acid
sequences will become clear from the further disclosure
herein.

Preferably, in such amino acid sequences the CDR
sequences have at least 70% amino acid identity, preferably
at least 80% amino acid identity, more preferably at least
90% amino acid identity, such as 95% amino acid identity or
more or even essentially 100% amino acid identity with the
CDR sequences of at least one of the amino acid sequences
of SEQ ID NO’s 399 to 471

Also, such amino acid sequences are preferably such that
they can specifically bind (as defined herein) to IL-6R; and
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more in particular bind to IL-6R with an affinity (suitably

measured and/or expressed as a K,,-value (actual or appar-

ent), a K -value (actual or apparent), a k_,-rate and/or a

k,grate, or alternatively as an ICs, value, as further

described herein) that is as defined herein.

When the amino acid sequence of the invention essen-
tially consists of 4 framework regions (FR1 to FR4, respec-
tively) and 3 complementarity determining regions (CDR1
to CDR3, respectively), the amino acid sequence of the
invention is preferably such that:

CDR1 is chosen from the group consisting of:

a) the amino acid sequences of SEQ ID NO’s: 93 to 143;

b) amino acid sequences that have at least 80% amino acid
identity with at least one of the amino acid sequences of
SEQ ID NO’s: 93 to 143;

¢) amino acid sequences that have 3, 2, or 1 amino acid
difference with at least one of the amino acid sequences
of SEQ ID NO’s: 93 to 143;

and/or
CDR2 is chosen from the group consisting of:

d) the amino acid sequences of SEQ ID NO’s: 195 to 245;

e) amino acid sequences that have at least 80% amino acid
identity with at least one of the amino acid sequences of
SEQ ID NO’s: 195 to 245,

f) amino acid sequences that have 3, 2, or 1 amino acid
difference with at least one of the amino acid sequences
of SEQ ID NO’s: 195 to 245,

and/or
CDR3 is chosen from the group consisting of:

g) the amino acid sequences of SEQ ID NO’s: 297 to 347;

h) amino acid sequences that have at least 80% amino acid
identity with at least one of the amino acid sequences of
SEQ ID NO’s: 297 to 347,

i) amino acid sequences that have 3, 2, or 1 amino acid
difference with at least one of the amino acid sequences
of SEQ ID NO’s: 297 to 347.

In particular, such an amino acid sequence of the inven-
tion may be such that CDR1 is chosen from the group
consisting of the amino acid sequences of SEQ ID NO’s: 93
to 143; and/or CDR2 is chosen from the group consisting of
the amino acid sequences of SEQ ID NO’s: 195 to 245;
and/or CDR3 is chosen from the group consisting of the
amino acid sequences of SEQ ID NO’s: 297 to 347.

In particular, when the amino acid sequence of the inven-
tion essentially consists of 4 framework regions (FR1 to
FR4, respectively) and 3 complementarity determining
regions (CDR1 to CDR3, respectively), the amino acid
sequence of the invention is preferably such that:

CDR1 is chosen from the group consisting of:

a) the amino acid sequences of SEQ ID NO’s: 93 to 143;

b) amino acid sequences that have at least 80% amino acid
identity with at least one of the amino acid sequences of
SEQ ID NO’s: 93 to 143;

¢) amino acid sequences that have 3, 2, or 1 amino acid
difference with at least one of the amino acid sequences
of SEQ ID NO’s: 93 to 143;

and
CDR2 is chosen from the group consisting of:

d) the amino acid sequences of SEQ ID NO’s: 195 to 245;

e) amino acid sequences that have at least 80% amino acid
identity with at least one of the amino acid sequences of
SEQ ID NO’s: 195 to 245,

f) amino acid sequences that have 3, 2, or 1 amino acid
difference with at least one of the amino acid sequences
of SEQ ID NO’s: 195 to 245,

and
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CDR3 is chosen from the group consisting of:

g) the amino acid sequences of SEQ ID NO’s: 297 to 347,

h) amino acid sequences that have at least 80% amino acid
identity with at least one of the amino acid sequences of
SEQ ID NO’s: 297 to 347,

i) amino acid sequences that have 3, 2, or 1 amino acid
difference with at least one of the amino acid sequences
of SEQ ID NO’s: 297 to 347; or any suitable fragment of
such an amino acid sequence
In particular, such an amino acid sequence of the inven-

tion may be such that CDR1 is chosen from the group

consisting of the amino acid sequences of SEQ ID NO’s: 93

to 143; and CDR2 is chosen from the group consisting of the

amino acid sequences of SEQ ID NO’s: 195 to 245; and

CDR3 is chosen from the group consisting of the amino acid

sequences of SEQ ID NO’s: 297 to 347.

Again, preferred combinations of CDR sequences will
become clear from the further description herein.

Also, such amino acid sequences are preferably such that
they can specifically bind (as defined herein) to IL-6R; and
more in particular bind to IL-6R with an affinity (suitably
measured and/or expressed as a K,,-value (actual or appar-
ent), a K -value (actual or apparent), a k, -rate and/or a
k,srate, or alternatively as an ICs, value, as further
described herein) that is as defined herein.

In one preferred, but non-limiting aspect, the invention
relates to an amino acid sequence that essentially consists of
4 framework regions (FR1 to FR4, respectively) and 3
complementarity determining regions (CDR1 to CDR3,
respectively), in which the CDR sequences of said amino
acid sequence have at least 70% amino acid identity, pref-
erably at least 80% amino acid identity, more preferably at
least 90% amino acid identity, such as 95% amino acid
identity or more or even essentially 100% amino acid
identity with the CDR sequences of at least one of the amino
acid sequences of SEQ ID NO’s: 399 to 471. This degree of
amino acid identity can for example be determined by
determining the degree of amino acid identity (in a manner
described herein) between said amino acid residue and one
or more of the sequences of SEQ ID NO’s: 399 to 471, in
which the amino acid residues that form the framework
regions are disregarded. Such amino acid sequences of the
invention can be as further described herein.

In such an amino acid sequence of the invention, the
framework sequences may be any suitable framework
sequences, and examples of suitable framework sequences
will be clear to the skilled person, for example on the basis
the standard handbooks and the further disclosure and prior
art mentioned herein.

The framework sequences are preferably (a suitable com-
bination of) immunoglobulin framework sequences or
framework sequences that have been derived from immu-
noglobulin framework sequences (for example, by human-
ization or camelization). For example, the framework
sequences may be framework sequences derived from a light
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chain variable domain (e.g. a V,-sequence) and/or from a
heavy chain variable domain (e.g. a V-sequence). In one
particularly preferred aspect, the framework sequences are
either framework sequences that have been derived from a
Vrsequence (in which said framework sequences may
optionally have been partially or fully humanzed) or are
conventional V, sequences that have been camelized (as
defined herein).

The framework sequences are preferably such that the
amino acid sequence of the invention is a domain antibody
(or an amino acid sequence that is suitable for use as a
domain antibody); is a single domain antibody (or an amino
acid sequence that is suitable for use as a single domain
antibody); is a “dAb” (or an amino acid sequence that is
suitable for use as a dAb); or is a Nanobody® (including but
not limited to V; sequence). Again, suitable framework
sequences will be clear to the skilled person, for example on
the basis the standard handbooks and the further disclosure
and prior art mentioned herein.

In particular, the framework sequences present in the
amino acid sequences of the invention may contain one or
more of Hallmark residues (as defined herein), such that the
amino acid sequence of the invention is a Nanobody®.
Some preferred, but non-limiting examples of (suitable
combinations of) such framework sequences will become
clear from the further disclosure herein.

Again, as generally described herein for the amino acid
sequences of the invention, it is also possible to use suitable
fragments (or combinations of fragments) of any of the
foregoing, such as fragments that contain one or more CDR
sequences, suitably flanked by and/or linked via one or more
framework sequences (for example, in the same order as
these CDR’s and framework sequences may occur in the
full-sized immunoglobulin sequence from which the frag-
ment has been derived). Such fragments may also again be
such that they comprise or can form an immunoglobulin
fold, or alternatively be such that they do not comprise or
cannot form an immunoglobulin fold.

In one specific aspect, such a fragment comprises a single
CDR sequence as described herein (and in particular a
CDR3 sequence), that is flanked on each side by (part of) a
framework sequence (and in particular, part of the frame-
work sequence(s) that, in the immunoglobulin sequence
from which the fragment is derived, are adjacent to said
CDR sequence. For example, a CDR3 sequence may be
preceded by (part of) a FR3 sequence and followed by (part
of) a FR4 sequence). Such a fragment may also contain a
disulphide bridge, and in particular a disulphide bridge that
links the two framework regions that precede and follow the
CDR sequence, respectively (for the purpose of forming
such a disulphide bridge, cysteine residues that naturally
occur in said framework regions may be used, or alterna-
tively cysteine residues may be synthetically added to or
introduced into said framework regions). For a further
description of these “Expedite fragments”, reference is again
made to WO 03/050531).

TABLE A-1

Preferred combinations of CDR and framework sequences.

CLONE 1D FR1 ID CDR1 ID FR2 ID CDR2

PMP40C9 (t) 42 EVQLVESGGGLVQPG 93 YYAIG 144 WFRQAPGK 195 CMDSSAGTT
GSLRLSCAASGFSLD EREGVS STYYSDSVKG

PMP34F8(t) 43 EVQLVESGGGLVQPG 94 YYAIG 145WFRQAPGK 196 CMDSSDGTT

GSLRLSCAASGFSLD EREGVS NTYYSDSVKG
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TABLE A-1-continued

Preferred combinations of CDR and framework sequences.

PMP34E9 (t) 44 EVQLVESGGGLVQPG 95YYAIG 146WFRQAPGK 197CISSSDGSTY
GSLRLSCAASGFTLD EREGVS YADSVKG
PMP34D2 (t) 45 EVQLVESGGGLVQPG 96 YFAIG 147WFRQAPGK 198 CISSSDGSTY
GSLRLSCAASGFTLD ERERVS YADSVKG
PMP34C3 (t) 46 EVQLVESGGGLVQPG 97YYVIG 148WFRQAPGK 199CISSSDGSTY
GSLRLSCVASGFSLD EREGVS YADSVKG
PMP34A5 (t) 47 EVQLVESGGGLVQPG 98YFAIG 149WFRQAPGK 200CISSSDGSTY
GSLRLSCAASGFTLG EREGVS YADSVKG
PMP33G3 (t) 48 EVQLVESGGGLVQ 99YFAIG 150WFRQAPG 201CISSSDGSA
PGGSLRLSCAASG KEREGVS YYADSVKG
FTLG
PMP33C10 (t) 49 EVQLVESGGGLVQ 100DYGMS 151WVRQAPG 202AISWNGGS
PGGSLRLSCAASG KGLEWVS TYYTESMKG
FTFD
PMP33A2 (t) 50 EVQLVESGGGLVQPG 101YYAIG 152WFRQAPG 203 CMDSSGGTT
GSLRLSCAASGFSLD KEREGVS STYYSDSVKG
PMP32H5 (t) 51 EVQLVESGGGLVQPG 102 SYDMS 153WVRQAPG 204 AINSGGGST
GSLRLSCAASGFTFG KGPEWVS YYADSVKG
PMP32F10 (t) 52 EVQLVESGGGLVQAG 103DYAIG 154WFRQAPG 205CISSSDGST
GSLRLSCAASGFTFD KEREGIS YYADSVKG
PMP31F4 (t) 53 EVQLVESGGGLVQPG 104 SYDMS 155WVRQAPG 206 AINSGGGST
GSLRLSCAASGFTFG KGPEWVS YYADSVKG
PMP31D2 (t) 54 EVQLVESGGGLVQAG 105DYAIG 156 WFRQAPG 207GISSSDGNT
GSLRLSCAASGFTFD KEREGVS YYADSVKG
PMP31C8(t) 55 EVQLVESGGGLVQPG 106 SYDMS 157WVRQAPG 208AINSGGGST
GSLRLSCAASGFTFG KGPEWVS YYADSVKG
PMP31C5(t) 56 EVQLVESGGGLVQAG 107DYAIG 158WFRQAPG 209CISSSDGST
GSLRLSCAASGFTFD KEREGVS YYADSVKG
PMP31B4 (t) 57 EVQLVESGGGLVQPG 108 SYDMS 159WVRQAPG 210AINSGGGST
GSLRLSCAASGFTFG KGPEWVS YYADSVKG
PMP31B11 (t) 58 EVQLVESGGGLVQPG 109 SYDMS 160WVRQAPG 211AINSGGGST
GSLRLSCAASGFTFG KGPEWVS YYADSVKG
PMP30G11 (t) 59 EVQLVESGGGLVQPG 110YYVIG 161WFRQAPG 212CISSSDGSTY
GSLRLSCVASGFSLD KEREGVS YADSVKG
PMP30B6 (t) 60 EVQLVESGGGLVQPG 111YYVIG 162WFRQAPG 213CISSSDRSTY
GSLRLSCAASGFTLD KEREAVA YADSVKG
PMP30B1(t) 61 EVQLVESGGGLVQPG 112YYAIG 163WWRQAPG 214 CISSGDGST
GSLRLSCAASGFTLD KGREGVS NYADSVKG
PMP30A2 (t) 62 EVQLVESGGGLVQPG 113YYVIG 164WFRQAPG 215CIGSSDDST
GSLRLSCAASGFTLD KEREGVS YYADSVKG
PMP30A10 (t) 63 EVQLVESGGGLVQPG 114DYGMS 165WVRQAPG 216 AISWNGGST
GSLRLSCAASGFTFD KGLEWVS YYTESMKG
PMP28H6 (t) 64 EVQLVESGGGLVQPG 115SYDMS 166WVRQAPG 217AINSGGGST
GSLRLSCAASGFTFG KGPEWVS YYADSVKG
PMP28F7(t) 65 EVQLVESGGGLVQPG 116 SYDMS 167WVRQAPG 218AINSGGGST
GSLRLSCAASGFTFG KGPEWVS YYADSVKG
PMP28D4 (t) 66 EVQLVESGGGLVQPG 117 SYDMS 168WVRQAPG 219AINSGGGST
GSLRLSCAASGFTFG KGPEWVS YYADSVKG
PMP28C7(t) 67 EVQLVESGGGLVQPG 118 SYDMS 169WVRQAPG 220AINSGGDNTY
GSLRLSCAASGFTFG KGPEWVS YADSVKG
PMP28B1(t) 68 EVQLVESGGGLVQPG 119YYAIG 170WFRQAPG 221CISSSDGSTY

GSLRLSCAASGFTLN KEREGVS YADSVKG
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Preferred combinations of CDR and framework sequences.

PMP28A2 (t) 69 EVQLVESGGGLVQPG 120SYDMS 171WVRQAPG 222AINSGGGSTY
GSLRLSCAASGFTFG KGPEWVS YADSVKG
PMP4 OH5 70 EVQLVESGGGLVQPG 121YYAIG 172WFRQAPG 223 CMDSSSGTT
GSLRLSCAASGFSLD KEREGVS STYYSDSVKG
PMP35H4 71 EVQLVESGGGLVQPG 122DYGMS 173WVRQAPG 224 AISWNGNNTY
GSLRLSCAASGFTFD RATEWVS YTESMKG
PMP35F4 72 EVQLVESGGGLVQAG 123 SYDMG 174WYRQAPG 225IITWNSSTYYA
GSLRLSCAASGRTFS KEREFVA DSVKG
PMP35E11l 73 EVQLVESGGGLVQAG 124DYAIG 175WFRQAPG 226 CISSSDGSTY
GSLRLSCAASGFTFD KEHEGVS YADSVKG
PMP35C10 74 EVQLVESGGGLVQAG 125 SYDMG 176WYRQAPG 227VIHWSSGSTY
GSLRLSCAASGRTFS KEREFVA YADPVKG
PMP34G9 75 EVQLVESGGGLVQAG 126 SYDMT 177WYRQVPG 228VISWSGGSTY
GSLRLSCAASGRTSS KEREFVA YADSVKG
PMP34G3 76 EVQLVESGGGLVQPG 127YYAIG 178WFRQAPG 229CISSSDGSTY
GSLRLSCAASGFTLD KERERVS YADSVKG
PMP34E10 77 EVQLVESGGGLVQAG 128 SYAMG 179WGRQAPG 230TISWSGGST
GSLRLSCAASGRTFS KEREFVA YYADSVKG
PMP34C11 78 EVQLVESGGGLVQPG 129YSAIG 180WFRQAPG 231CISGSDGST
GSLRLSCAAAGFTLD KEREMFS WYADSVAG
PMP34A12 79 EVQLVESGGGLVQPG 130YYVIG 181WFRQAPG 232CISSSDGSTY
GSLRLSCVASGFSLD KEREGVS YADSVKG
PMP33A3 80 EVQLVESGGGLVQPG 131YGAIG 182WFRQAPG 233CISSSTGSTY
GSLRLSCAASGFTLD KEREGVS YADSVKG
PMP32E2 81 EVQLVESGGGLVQAG 132DNTMGWT 183WNRQPPG 234 IIATDGSTNY
GSLRLSCAASGNIFD KQRELVA ADSVKG
PMP32E10 82 EVQLVESGGGLVQPG 133 SYDMS 184WVRQAPG 235AINSGGGST
GSLRLSCAASGFTFG KGPEWVS YYADSVKG
PMP32C9 83 EVQLVESGGGLVQAG 134DYDIG 185WFRQAPG 236GISSSDGNT
GSLRLSCAASGFTFD KEREGVS YYADSVKG
PMP31A4 84 EVQLVESGGGLVQAG 135VNAMG 186WYRQAPG 237GIISGGSTNY
GSLRLSCAASGSIFK KQRELVA ADSVKG
PMP30C11 85 EVQLVESGGGLVQAG 136 SYDMG 187WYRQAPG 238VISRSGSSTY
GSLRLSCAASGRTFS KEREFVA YADSVKG
PMP28G3 86 EVQLVESGGGLVQAG 137 TETMG 188WYRQPPG 239ATITHGGTTN
GSLRLSCTASGNIFS KQRDVV YADSVKG
PMP28E11l 87 EVQLVESGGGFVQAG 138 INRMG 189WYRQALG 240IITNHGSTNY
GSLRLSCIASGDNFS KQRELVA ADAVKG
059B.IL6R.cl5.7(t) 88 EVQLVESGGGLVQAG 139GADAG 190WNRQTPG 241AINWSGNST
GSLRLSCAASGRTFS KEREFVA YYADSVKG
059A.IL6Rcl4 (t) 89 EVQLVESGGGLVQAG 140 SYDMG 191WYRQGPG 242AISWSGGGT
GSLRLSCAASGRTLS KEREFVA DYVDSVKG
059A.IL6Rc1l3 (t) 90 EVQLVESGGGLVQPG 141SYAIG 192WFRQAPG 243 CISTSDGSTY
GSLRLSCAASGFTLD KEPEGVS YADSVKG
059A.IL6Rcl2 (t) 91 EVQLVESGGGLVQAG 142NIAMG 193WIREAPGK 244 ALTWSGGST
GSLRLSCAASGRTFS EREFVA YYADSVKG
059A.IL6Rcll (t) 92 EVQLVESGGGLVQAG 143DFAIG 194WFRQAPG 245CISSSDGSTY
GSLRLSCAASGLTDD KEPEGVS YADSVKG
CLONE ID FR3 ID CDR3 ID FR4
PMP40C9 (t) 246 RFTISRDDAKN  297DGHLNWGQ 348WGQGTQ
TVYLQMNSLKP RYVPCSQIS VTVSS
EDTAVYYCAA WRGWNDY
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TABLE A-1-continued

Preferred combinations of CDR and framework sequences.

PMP34F8 (t) 247RFTISRDDAKN  298DGHLNWGQ 349WGQGTQ
TVYLQMNSLKP PYVPCSQIS VTVSS
EDTASYYCAA WRGWNDY

PMP34E9 (t) 248RFTISRDNAKN 299DRSVYYCSG 350WGQGTQ
TVYLQMNSLKP DAPEEYY VTVSS
EDTAAYYCAT

PMP34D2 (t) 249RFTISRDNAKN 300DRSVYYCSG 351WGQGTQ
TVYLQMNSLKP GAPEEYY VTVSS
EDTAVYYCAT

PMP34C3 (t) 250RFTISRDNAKN 301DLLRTPEFC 352WGRGTQ
TVYLQMNSLKP VDSAPYDY VTVSS
EDTAVYYCAA

PMP34A5 (t) 251RFTVSRDNAK 302DRSVYYCSG 353WGQGTQ
NTVYLQMNSLK GAPEEYY VTVSS
PEDTAVYYCAT

PMP33G3 (t) 252RFTVSRDNA 303DRSVYYCS 354 WGQGT
KNTVYLOMN GGAPEEYY QVTVSS
SLKPEDTAVY
YCAT

PMP33C10 (t) 253RFTISRDNAK 304GSTAIVGV 355WGQGT
NTVYLQMNS PPTYPDEY QVTVSS
LKPEDTAVYY DY
CVK

PMP33A2 (t) 254RFTISRDDAKN  305DGHLNWGQ 356 WGQGT
TVYLQMNSLKP RYVPCSQIS QVTVSS
EDTAVYYCAA WRGWNDY

PMP32H5 (t) 255RFTISRDNAKN 306 DWRYSDYDL 357WGQGT
TLYLQMNSLKP PLPPPGDY QVTVSS
EDTAVYYCAT

PMP32F10 (t) 256 RFTISSDNAKN 307EPPDSSWIL 358WGQGT
TVYLQMNSLKP DGSPEFFKF QVTVSS
EDTAVYYCAA

PMP31F4 (t) 257RFTISRDNAKN 308DWRYSDYDL 359WGQGT
TLYLQMNSLKP PLPPPGDY QVTVSS
EDTAVYYCAT

PMP31D2 (t) 258RFTISSDNAKN 309EPPDSNWYL 36 0WGQGT
TVYLQMNSLKP DGSPEFFKF QVTVSS
EDTAVYYCAA

PMP31C8(t) 259RFTISRDNAKN 310DWRYSDYDL 36 1WGQGT
TLYLQMNSLKP PLPPPGDY QVTVSS
EDTAVYYCAT

PMP31C5(t) 260RFTISSDNAKN 311EPPDSMWSL 362WGQGT
TVYLLMNSLKP DGSPEFFKF QVTVSS
EDTAVYYCAA

PMP31B4 (t) 261RFTISRDNAKN 312DWRYSDYDL 363WGQGT
TLYLQMNSLKP PLPPPGDY QVTVSS
EDTAVYYCAT

PMP31B11 (t) 262RFTISRDNAKN 313DWRYSDYDL 364WGQGTQ
TLYLQMNSLKP PLPPPGDY VTVSS
EDTAVYYCAT

PMP30G11 (t) 263RFTISRDNAKN 314DLLRTPEFC 365WGQGTQ
TVYLQMNSLKP VDSAPYDY VTVSS
EDTAVYYCAA

PMP30B6 (t) 264RFTISRDNAKN 315DLLRTPEFC 366 WGQGTQ
TGYLQMNSLK SDSAPYDY VTVSS
PEDTAVYYCAA

PMP30B1(t) 265RFTISRDNAKN 316DRSVYYCSG 36 7TWGQGTQ
TVYLQMNSLKP GAPEEYY VTVSS

EDTAVYYCAT
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TABLE A-1-continued

Preferred combinations of CDR and framework sequences.

PMP30A2 (t) 266RFTISRDNAKN 317DLLRTPEFCT 368WGQGTQ
TVYLQMNSLKP DSAPYDY VTVSS
EDTAVYYCAA

PMP30A10 (t) 267RFTISRDNAKN 318GSTAIVGVPP 369WGQGTQ
TVYLQMNSLKP TYPDEYDY VTVSS
EDTAVYYCVK

PMP28H6 (t) 268RFTISRDNAKN 319DWRYSDYDL 370WGQGTQ
TLYLQMNSLKP PLPPPGDY VTVSS
EDTAVYYCAT

PMP28F7(t) 269RFTISRDNAKN 320DWRYSDYDL 371WGQGTQ
TLYLQMNSLKP PLPPPGDY VTVSS
EDTAVYYCAT

PMP28D4 (t) 270RFTISRDNAKN 321DWRYSDYDL 372WGQGTQ
TLYLQMNSLKP PLPPPGDY VTVSS
EDTAVYYCAT

PMP28C7 (t) 271RFTISRDNAKNT 322DWRYSDYDLP 373WGQGTQ
LYLOMNSLKPED LPPPGDY VTVSS
TAVYYCAT

PMP28B1(t) 272RFTISRDNAKNT 323EGLGDSDSPC 374WGQGTQ
FYLOMNSLKPED GAAWYNDY VTVSS
TAVYYCAA

PMP28A2 (t) 273RFTISRDNAKNT 324DWRYSDYDLP 375WGQGTQ
LYLOMNSLKPED LPPPGDY VTVSS
TAVYYCAT

PMP4 0HS5 274RFTISRDDAKNT 325DGHLNWGQR 376 WGQGTQ
VYLOMNSLKPED YVPCSQISWR VTVSS
TAVYYCAA GWNDY

PMP35H4 275RFTISRDNAKNT 326GSTAIVGVPPT 377WGQGTQ
VYLOMNSLKPED YPDEYDY VTVSS
TAVYYCVK

PMP35F4 276 RFTISRDNAKNT 327QYGLGYAEDY 378WGQGTQ
VYLOMNSLKPED VTVSS
TAIYYCNA

PMP35E11 277RFTISSDNAKNT 328ERDVPARSLC 379RGQGTQ
VYLOMNSLKPED GSYYWYDY VTVSS
TAVYYCAA

PMP35C10 278RFTISRDNAKNT 329FLPGPEGFHDY 380WGQGTQ
VYLOMNSLKPED VTVSS
TAIYYCNA

PMP34G9 279RFTISRDNAKNT 330YTGGGDDY 381WGQGTQ
VYLOMNSLKPED VTVSS
TAIYYCNA

PMP34G3 280RFTISRDNAKN 331DRSVYYCSG 382WGQGTQ
TVYLQMNSLKP GAPEEYY VTVSS
EDTAAYYCAT

PMP34E10 281RFTISRDNAKN 332DLAEFKYSD 383WGQGTQ
TVYLQMNSLKP YADY VTVSS
EDTAVYYCAA

PMP34C11 282RFTISFDNAKN 333 TGGVRGPCA 384WGQGTQ
TVYLQMNSLKP YEYEY VTVSS
EDTGLYICAV

PMP34A12 283RFTISRDNAKN 334DLLRTPEFC 385WGQGTQ
TVYLQMNSLKP VDSAPYDY VTVSS
EDTAVYYCAA

PMP33A3 284RFTISRDNGKN  335DKMWSPCL 386 WGQGTQ
TVYLQMNSLKP VAANEEALF VTVSS

EDTAVYYCAA EYDY
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Preferred combinations of CDR and framework sequences.

PMP32E2 285RFTISRDNAKN 336 FSLRLGRDY 387WGQGTQ
TVYLQMNSLKP VTVSS
EDTAVYYCNL

PMP32E10 286 RFTISRDNAKN 337DWRYSDYDL 388WGQGTQ
TLYLQMNSLKP PLPPPGDY VTVSS
EDTAVYYCAT

PMP32C9 287RFTISSDNAKN 338EPPDSSWYL 389WGQGTQ
TVYLQMNSLKP DGSPEFFKY VTVSS
EDTAVYYCAA

PMP31A4 288RLTISRDNAKN 339VTTNSDYDL 390WGQGTQ
TVYLQMNSLKP GRDY VTVSS
EDTAVYYCSF

PMP30C11 289RFTISRDNAKNT 340EVVAGD 391WGQGTQV
VYLOMNSLKPED YDY TVSS
TAIYYCKA

PMP28G3 290RFTISRDNRKNT 341RSSWYS 392WGQGTQV
VYLOMNSLKPED PEY TVSS
TGVYYCNA

PMP28E11l 291RFTISRDYAKNTV 342YISEVGT 393WGQGIQV
YLOMNGLKPDDT WRDDY TVSS
AVYYCNA

059B.IL6R.cl5.7(t) 292RFTVSRDNAKNT 343FRDDYYS 394 EGKGTLVT
VYLOMNSLKPED VssS
TAVYYCHA

059A.IL6Rc14 (t) 293RFTISRDTAKNT 344LGTTDSD 395WGQGTQV
MYLQMNSLKPED YEGELY TVSS
TAIYYCNA

059A.IL6Rc13 (t) 294RFTISRDNAKNT 345DGGPHA 396 WGQGTQV
VYLOMNSLKPED PLTVQD TVSS
TAVYYCTA MCVMAIA

DY

059A.IL6Rc12 (t) 295RFTISRDSAKNTV 346 DEEIHLIV 397WGQGTQV
YLOMNKLKPEDT SISIADF TVSS
AVYYCVA

059A.IL6Rc1l (t) 296 RFTISSDNAKNTYV 347 LFDRCGS 398WGKGTLV
YLOMNSLKPEDT TWYYGM TVSS
AVYFCTA DY

45

In another aspect, the invention relates to a compound or
construct, and in particular a protein or polypeptide (also
referred to herein as a “compound of the invention” or
“polypeptide of the invention”, respectively) that comprises
or essentially consists of one or more amino acid sequences
of the invention (or suitable fragments thereof), and option-
ally further comprises one or more other groups, residues,
moieties or binding units. As will become clear to the skilled
person from the further disclosure herein, such further
groups, residues, moieties, binding units or amino acid
sequences may or may not provide further functionality to
the amino acid sequence of the invention (and/or to the
compound or construct in which it is present) and may or
may not modify the properties of the amino acid sequence of
the invention.

For example, such further groups, residues, moieties or
binding units may be one or more additional amino acid
sequences, such that the compound or construct is a (fusion)
protein or (fusion) polypeptide. In a preferred but non-
limiting aspect, said one or more other groups, residues,
moieties or binding units are immunoglobulin sequences.
Even more preferably, said one or more other groups,
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residues, moieties or binding units are chosen from the
group consisting of domain antibodies, amino acid
sequences that are suitable for use as a domain antibody,
single domain antibodies, amino acid sequences that are
suitable for use as a single domain antibody, “dAb”’s, amino
acid sequences that are suitable for use as a dAb, or
Nanobodies®.

Alternatively, such groups, residues, moieties or binding
units may for example be chemical groups, residues, moi-
eties, which may or may not by themselves be biologically
and/or pharmacologically active. For example, and without
limitation, such groups may be linked to the one or more
amino acid sequences of the invention so as to provide a
“derivative” of an amino acid sequence or polypeptide of the
invention, as further described herein.

Also within the scope of the present invention are com-
pounds or constructs, that comprises or essentially consists
of one or more derivates as described herein, and optionally
further comprises one or more other groups, residues, moi-
eties or binding units, optionally linked via one or more
linkers. Preferably, said one or more other groups, residues,
moieties or binding units are amino acid sequences.
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In the compounds or constructs described above, the one
or more amino acid sequences of the invention and the one
or more groups, residues, moieties or binding units may be
linked directly to each other and/or via one or more suitable
linkers or spacers. For example, when the one or more
groups, residues, moieties or binding units are amino acid
sequences, the linkers may also be amino acid sequences, so
that the resulting compound or construct is a fusion (protein)
or fusion (polypeptide).

The compounds or polypeptides of the invention can
generally be prepared by a method which comprises at least
one step of suitably linking the one or more amino acid
sequences of the invention to the one or more further groups,
residues, moieties or binding units, optionally via the one or
more suitable linkers, so as to provide the compound or
polypeptide of the invention. Polypeptides of the invention
can also be prepared by a method which generally comprises
at least the steps of providing a nucleic acid that encodes a
polypeptide of the invention, expressing said nucleic acid in
a suitable manner, and recovering the expressed polypeptide
of the invention. Such methods can be performed in a
manner known per se, which will be clear to the skilled
person, for example on the basis of the methods and tech-
niques further described herein.

The process of designing/selecting and/or preparing a
compound or polypeptide of the invention, starting from an
amino acid sequence of the invention, is also referred to
herein as “formatting” said amino acid sequence of the
invention; and an amino acid of the invention that is made
part of a compound or polypeptide of the invention is said
to be “formatted” or to be “in the format of” said compound
or polypeptide of the invention. Examples of ways in which
an amino acid sequence of the invention can be formatted
and examples of such formats will be clear to the skilled
person based on the disclosure herein; and such formatted
amino acid sequences form a further aspect of the invention.

In one specific aspect of the invention, a compound of the
invention or a polypeptide of the invention may have an
increased half-life, compared to the corresponding amino
acid sequence of the invention. Some preferred, but non-
limiting examples of such compounds and polypeptides will
become clear to the skilled person based on the further
disclosure herein, and for example comprise amino acid
sequences or polypeptides of the invention that have been
chemically modified to increase the half-life thereof (for
example, by means of pegylation); amino acid sequences of
the invention that comprise at least one additional binding
site for binding to a serum protein (such as serum albumin);
or polypeptides of the invention that comprise at least one
amino acid sequence of the invention that is linked to at least
one moiety (and in particular at least one amino acid
sequence) that increases the half-life of the amino acid
sequence of the invention. Examples of polypeptides of the
invention that comprise such half-life extending moieties or
amino acid sequences will become clear to the skilled person
based on the further disclosure herein; and for example
include, without limitation, polypeptides in which the one or
more amino acid sequences of the invention are suitable
linked to one or more serum proteins or fragments thereof
(such as (human) serum albumin or suitable fragments
thereof) or to one or more binding units that can bind to
serum proteins (such as, for example, domain antibodies,
amino acid sequences that are suitable for use as a domain
antibody, single domain antibodies, amino acid sequences
that are suitable for use as a single domain antibody,
“dAb”’s, amino acid sequences that are suitable for use as a
dAb, or Nanobodies can bind to serum proteins such as
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serum albumin (such as human serum albumin), serum
immunoglobulins such as IgG, or transferrine; reference is
made to the further description and references mentioned
herein); polypeptides in which an amino acid sequence of
the invention is linked to an Fc portion (such as a human Fc)
or a suitable part or fragment thereof; or polypeptides in
which the one or more amino acid sequences of the inven-
tion are suitable linked to one or more small proteins or
peptides that can bind to serum proteins (such as, without
limitation, the proteins and peptides described in WO
91/01743, WO 01/45746, WO 02/076489).

Generally, the compounds or polypeptides of the inven-
tion with increased half-life preferably have a half-life that
is at least 1.5 times, preferably at least 2 times, such as at
least 5 times, for example at least 10 times or more than 20
times, greater than the half-life of the corresponding amino
acid sequence of the invention per se. For example, the
compounds or polypeptides of the invention with increased
half-life may have a half-life that is increased with more than
1 hours, preferably more than 2 hours, more preferably more
than 6 hours, such as more than 12 hours, or even more than
24, 48 or 72 hours, compared to the corresponding amino
acid sequence of the invention per se.

In a preferred, but non-limiting aspect of the invention,
such compounds or polypeptides of the invention have a
serum half-life that is increased with more than 1 hour,
preferably more than 2 hours, more preferably more than 6
hours, such as more than 12 hours, or even more than 24, 48
or 72 hours, compared to the corresponding amino acid
sequence of the invention per se.

In another preferred, but non-limiting aspect of the inven-
tion, such compounds or polypeptides of the invention
exhibit a serum half-life in human of at least about 12 hours,
preferably at least 24 hours, more preferably at least 48
hours, even more preferably at least 72 hours or more. For
example, compounds or polypeptides of the invention may
have a half-life of at least 5 days (such as about 5 to 10 days),
preferably at least 9 days (such as about 9 to 14 days), more
preferably at least about 10 days (such as about 10 to 15
days), or at least about 11 days (such as about 11 to 16 days),
more preferably at least about 12 days (such as about 12 to
18 days or more), or more than 14 days (such as about 14 to
19 days).

In another aspect, the invention relates to a nucleic acid
that encodes an amino acid sequence of the invention or a
polypeptide of the invention (or a suitable fragment thereof).
Such a nucleic acid will also be referred to herein as a
“nucleic acid of the invention” and may for example be in
the form of a genetic construct, as further described herein.

In another aspect, the invention relates to a host or host
cell that expresses (or that under suitable circumstances is
capable of expressing) an amino acid sequence of the
invention and/or a polypeptide of the invention; and/or that
contains a nucleic acid of the invention. Some preferred but
non-limiting examples of such hosts or host cells will
become clear from the further description herein.

The invention further relates to a product or composition
containing or comprising at least one amino acid sequence
of'the invention (or a suitable fragment thereof), at least one
polypeptide of the invention and/or at least one nucleic acid
of the invention, and optionally one or more further com-
ponents of such compositions known per se, i.e. depending
on the intended use of the composition. Such a product or
composition may for example be a pharmaceutical compo-
sition (as described herein), a veterinary composition or a
product or composition for diagnostic use (as also described
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herein). Some preferred but non-limiting examples of such
products or compositions will become clear from the further
description herein.

In another specific, but non-limiting aspect, the amino
acid sequences and polypeptides described herein are such
that they (a) specifically bind (as defined herein) to the IL-6
receptor; and (b) are capable of downregulating the 1L-6
receptor and/or are capable of inhibiting, decreasing or
downregulating the signalling of the IL-6 receptor and/or the
pathway(s), mechanism(s) or signalling in which the IL.-6 or
IL-6R is involved. As will be clear to the skilled person, such
an amino acid sequence or polypeptide can generally be
used as an antagonist of IL-6, of the IL.-6 receptor and/or of
the biological pathways, mechanisms or effects in which
IL-6, 1I-6R and/or II-6/IL-6R mediated signalling is
involved. Any such decrease or downregulation (which can
be at least 1%, such as at least 5%, or more than 10%, or up
to 50% or 100% or more in a relevant parameter, compared
to the same parameter under conditions in which the amino
acid sequence or polypeptide is not bound to the IL-6
receptor), may be measured in any suitable manner known
per se, for example using one of the assays used in the
Experimental Part and/or mentioned herein.

For example, such antagonistic amino acid sequences and
polypeptides may be competitive of non-competitive inhibi-
tors of the binding of IL-6 to IL-6R.

More in particular, and in addition to (a) and (b) above,
and optionally in addition to (d) and/or (e) below, such
antagonistic amino acid sequences and polypeptides may
bind to IL.-6R in such a way that (¢) binding of IL.-6 to IL-6R
is blocked, inhibited or reduced; compared to the binding of
IL-6 to its receptor without the presence of the amino acid
sequence or Nanobody of the invention.

For example, and without limitation, such antagonistic
amino acid sequences and polypeptides may bind to or close
to the IL-6 om IL-6R.

Also, in addition to (a) and (b) above, and optionally in
addition to (c) above or (e) below, such antagonistic amino
acid sequences and polypeptides may bind to IL-6R (i.e. as
such or as present in the IL-6/IL.-6R complex) in such a way
that (d) the formation of the IL.-6/1L.-6R complex is inhibited
or affected (e.g. fully or partially disrupted) in such a way
that the binding of the complex to—e.g. its affinity for—
gp130 is reduced (or reversely, that the binding of gp 130
to—e.g. its affinity for—the complex is reduced), so that the
signaling induced/mediated by the binding of the complex to
gp130 is modulated (e.g. reduced); compared to the forma-
tion of the complex and its binding to gp130 without the
presence of the amino acid sequence or Nanobody of the
invention.

Also, in addition to (a) and (b) above, and optionally in
addition to (c¢) or (d) above, such antagonistic amino acid
sequences and polypeptides may bind to IL-6R (i.e. as such
or as present in the IL-6/IL.-6R complex) in such a way that
(e) binding to IL-6R (i.e. as such or as present in the
IL-6/IL-6R complex) in such a way that the formation of the
IL-6/IL-6R complex essentially is not affected but that the
binding of said complex to gp130 is modulated (e.g. inhib-
ited), so that the signalling induced/mediated by the binding
of the complex to gpl30 is modulated (e.g. reduced);
compared to the formation of the complex and its binding to
gp130 without the presence of the amino acid sequence or
Nanobody of the invention.

Alternatively, such antagonistic amino acid sequences and
polypeptides may bind to another epitope, site, domain or
region on the IL.-6 receptor (e.g. allosteric binding) such that
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the IL-6 receptor becomes less sensitive for binding of IL-6
(and/or that the signalling of the IL.-6 receptor upon binding
of IL-6 is reduced).

It is also possible that such antagonistic amino acid
sequences and polypeptides may bind to another epitope,
site, domain or region on the IL-6 receptor such that the
ligand-mediated dimerization of the growth factor receptor
is prevented, reduced or inhibited.

Accordingly, in the context of the present invention,
“modulating” or “to modulate” generally means exercising
an agonistic or antagonistic effect, respectively, with respect
to IL-6, IL-6R and/or the biological pathways, responses,
signalling, mechanisms or effects in which IL-6 and/or
IL-6R is involved. In particular, “modulating” or “to modu-
late” may mean either an such an agonistic or antagonistic
effect (i.e. a full or partial agonistic or antagonistic effect,
respectively), as measured using a suitable in vitro, cellular
or in vivo assay (such as those mentioned herein), that leads
to a change in a relevant parameter by at least 1%, preferably
at least 5%, such as at least 10% or at least 25%, for example
by at least 50%, at least 60%, at least 70%, at least 80%, or
90% or more, compared to same parameter in the same assay
under the same conditions but without the presence of the
amino acid sequence, Nanobody or polypeptide of the
invention.

The invention further relates to methods for preparing or
generating the amino acid sequences, polypeptides, nucleic
acids, host cells, products and compositions described
herein. Some preferred but non-limiting examples of such
methods will become clear from the further description
herein.

Generally, these methods may comprise the steps of:

a) providing a set, collection or library of amino acid
sequences; and

b) screening said set, collection or library of amino acid
sequences for amino acid sequences that can bind to
and/or have affinity for IL-6R;

and

¢) isolating the amino acid sequence(s) that can bind to
and/or have affinity for IL-6R.

In such a method, the set, collection or library of amino
acid sequences may be any suitable set, collection or library
of amino acid sequences. For example, the set, collection or
library of amino acid sequences may be a set, collection or
library of immunoglobulin sequences (as described herein),
such as a naive set, collection or library of immunoglobulin
sequences; a synthetic or semi-synthetic set, collection or
library of immunoglobulin sequences; and/or a set, collec-
tion or library of immunoglobulin sequences that have been
subjected to affinity maturation.

Also, in such a method, the set, collection or library of
amino acid sequences may be a set, collection or library of
heavy chain variable domains (such as V,, domains or V,,
domains) or of light chain variable domains. For example,
the set, collection or library of amino acid sequences may be
a set, collection or library of domain antibodies or single
domain antibodies, or may be a set, collection or library of
amino acid sequences that are capable of functioning as a
domain antibody or single domain antibody.

In a preferred aspect of this method, the set, collection or
library of amino acid sequences may be an immune set,
collection or library of immunoglobulin sequences, for
example derived from a mammal that has been suitably
immunized with IL-6R or with a suitable antigenic deter-
minant based thereon or derived therefrom, such as an
antigenic part, fragment, region, domain, loop or other
epitope thereof. In one particular aspect, said antigenic
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determinant may be an extracellular part, region, domain,

loop or other extracellular epitope(s).

In the above methods, the set, collection or library of
amino acid sequences may be displayed on a phage,
phagemid, ribosome or suitable micro-organism (such as
yeast), such as to facilitate screening. Suitable methods,
techniques and host organisms for displaying and screening
(a set, collection or library of) amino acid sequences will be
clear to the person skilled in the art, for example on the basis
of the further disclosure herein. Reference is also made to
the review by Hoogenboom in Nature Biotechnology, 23, 9,
1105-1116 (2005).

In another aspect, the method for generating amino acid
sequences comprises at least the steps of:

a) providing a collection or sample of cells expressing amino
acid sequences;

b) screening said collection or sample of cells for cells that
express an amino acid sequence that can bind to and/or
have affinity for IL-6R;

and

c) either (i) isolating said amino acid sequence; or (ii)
isolating from said cell a nucleic acid sequence that
encodes said amino acid sequence, followed by express-
ing said amino acid sequence.

For example, when the desired amino acid sequence is an
immunoglobulin sequence, the collection or sample of cells
may for example be a collection or sample of B-cells. Also,
in this method, the sample of cells may be derived from a
mammal that has been suitably immunized with IL.-6R or
with a suitable antigenic determinant based thereon or
derived therefrom, such as an antigenic part, fragment,
region, domain, loop or other epitope thereof. In one par-
ticular aspect, said antigenic determinant may be an extra-
cellular part, region, domain, loop or other extracellular
epitope(s).

The above method may be performed in any suitable
manner, as will be clear to the skilled person. Reference is
for example made to EP 0 542 810, WO 05/19824, WO
04/051268 and WO 04/106377. The screening of step b) is
preferably performed using a flow cytometry technique such
as FACS. For this, reference is for example made to Lieby
et al., Blood, Vol. 97, No. 12, 3820.

In another aspect, the method for generating an amino
acid sequence directed against IL.-6R may comprise at least
the steps of:

a) providing a set, collection or library of nucleic acid
sequences encoding amino acid sequences;

b) screening said set, collection or library of nucleic acid
sequences for nucleic acid sequences that encode an
amino acid sequence that can bind to and/or has affinity
for IL-6R;

and

¢) isolating said nucleic acid sequence, followed by express-
ing said amino acid sequence.

In such a method, the set, collection or library of nucleic
acid sequences encoding amino acid sequences may for
example be a set, collection or library of nucleic acid
sequences encoding a naive set, collection or library of
immunoglobulin sequences; a set, collection or library of
nucleic acid sequences encoding a synthetic or semi-syn-
thetic set, collection or library of immunoglobulin
sequences; and/or a set, collection or library of nucleic acid
sequences encoding a set, collection or library of immuno-
globulin sequences that have been subjected to affinity
maturation.

Also, in such a method, the set, collection or library of
nucleic acid sequences may encode a set, collection or

20

30

35

40

45

65

38

library of heavy chain variable domains (such as Vg
domains or V; domains) or of light chain variable
domains. For example, the set, collection or library of
nucleic acid sequences may encode a set, collection or
library of domain antibodies or single domain antibodies, or
a set, collection or library of amino acid sequences that are
capable of functioning as a domain antibody or single
domain antibody.

In a preferred aspect of this method, the set, collection or
library of amino acid sequences may be an immune set,
collection or library of nucleic acid sequences, for example
derived from a mammal that has been suitably immunized
with IL-6R or with a suitable antigenic determinant based
thereon or derived therefrom, such as an antigenic part,
fragment, region, domain, loop or other epitope thereof. In
one particular aspect, said antigenic determinant may be an
extracellular part, region, domain, loop or other extracellular
epitope(s).

The set, collection or library of nucleic acid sequences
may for example encode an immune set, collection or library
of heavy chain variable domains or of light chain variable
domains. In one specific aspect, the set, collection or library
of nucleotide sequences may encode a set, collection or
library of V; sequences.

In the above methods, the set, collection or library of
nucleotide sequences sequences may be displayed on a
phage, phagemid, ribosome or suitable micro-organism
(such as yeast), such as to facilitate screening. Suitable
methods, techniques and host organisms for displaying and
screening (a set, collection or library of) nucleotide
sequences encoding amino acid sequences will be clear to
the person skilled in the art, for example on the basis of the
further disclosure herein. Reference is also made to the
review by Hoogenboom in Nature Biotechnology, 23, 9,
1105-1116 (2005).

The invention also relates to amino acid sequences that
are obtained by the above methods, or alternatively by a
method that comprises the one of the above methods and in
addition at least the steps of determining the nucleotide
sequence or amino acid sequence of said immunoglobulin
sequence; and of expressing or synthesizing said amino acid
sequence in a manner known per se, such as by expression
in a suitable host cell or host organism or by chemical
synthesis.

Also, following the steps above, one or more amino acid
sequences of the invention may be suitably humanized (or
alternatively camelized); and/or the amino acid sequence(s)
thus obtained may be linked to each other or to one or more
other suitable amino acid sequences (optionally viaone or
more suitable linkers) so as to provide a polypeptide of the
invention. Also, a nucleic acid sequence encoding an amino
acid sequence of the invention may be suitably humanized
(or alternatively camelized) and suitably expressed; and/or
one or more nucleic acid sequences encoding an amino acid
sequence of the invention may be linked to each other or to
one or more nucleic acid sequences that encode other
suitable amino acid sequences (optionally via nucleotide
sequences that encode one or more suitable linkers), after
which the nucleotide sequence thus obtained may be suit-
ably expressed so as to provide a polypeptide of the inven-
tion.

The invention further relates to applications and uses of
the amino acid sequences, polypeptides, nucleic acids, host
cells, products and compositions described herein, as well as
to methods for the prevention and/or treatment for diseases
and disorders associated with IL-6R. Some preferred but
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non-limiting applications and uses will become clear from
the further description herein.

Other aspects, embodiments, advantages and applications
of the invention will also become clear from the further
description herein, in which the invention will be described
and discussed in more detail with reference to the Nano-
bodies of the invention and of polypeptides of the invention
comprising the same, which form some of the preferred
aspects of the invention.

As will become clear from the further description herein,
Nanobodies generally offer certain advantages (outlined
herein) compared to “dAb’s” or similar (single) domain
antibodies or immunoglobulin sequences, which advantages
are also provided by the Nanobodies of the invention.
However, it will be clear to the skilled person that the more
general aspects of the teaching below can also be applied
(either directly or analogously) to other amino acid
sequences of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

The above and other aspects, embodiments and advan-
tages of the invention will become clear from the further
description hereinbelow, in which:

a) Unless indicated or defined otherwise, all terms used have
their usual meaning in the art, which will be clear to the
skilled person. Reference is for example made to the
standard handbooks, such as Sambrook et al, “Molecular
Cloning: A Laboratory Manual” (2nd. Ed.), Vols. 1-3,
Cold Spring Harbor Laboratory Press (1989); F. Ausubel
et al, eds., “Current protocols in molecular biology”,
Green Publishing and Wiley Interscience, New York
(1987); Lewin, “Genes II”, John Wiley & Sons, New
York, N.Y., (1985); Old et al.,, “Principles of Gene
Manipulation: An Introduction to Genetic Engineering”,
2nd edition, University of California Press, Berkeley,
Calif. (1981); Roitt et al., “Immunology” (6th. Ed.),
Mosby/Elsevier, Edinburgh (2001); Roitt et al., Roitt’s
Essential Immunology, 10” Ed. Blackwell Publishing,
UK (2001); and Janeway et al., “Immunobiology” (6th
Ed.), Garland Science Publishing/Churchill Livingstone,
N.Y. (2005), as well as to the general background art cited
herein;

b) Unless indicated otherwise, the term “immunoglobulin
sequence”—whether used herein to refer to a heavy chain
antibody or to a conventional 4-chain antibody—is used
as a general term to include both the full-size antibody, the
individual chains thereof, as well as all parts, domains or
fragments thereof (including but not limited to antigen-
binding domains or fragments such as V,,;, domains or
V/V; domains, respectively). In addition, the term
“sequence” as used herein (for example in terms like
“immunoglobulin sequence”, “antibody sequence”, “vari-
able domain sequence”, “V sequence” or “protein
sequence”), should generally be understood to include
both the relevant amino acid sequence as well as nucleic
acid sequences or nucleotide sequences encoding the
same, unless the context requires a more limited interpre-
tation;

¢) Unless indicated otherwise, all methods, steps, techniques
and manipulations that are not specifically described in
detail can be performed and have been performed in a
manner known per se, as will be clear to the skilled
person. Reference is for example again made to the
standard handbooks and the general background art men-
tioned herein and to the further references cited therein;
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d) Amino acid residues will be indicated according to the
standard three-letter or one-letter amino acid code, as
mentioned in Table A-2;

TABLE A-2

one-letter and three-letter amino acid code

Nonpolar Alanine Ala A
uncharge Valine Val \'
(at pH Leucine Leu L
6.0-7.0)® Isoleucine Ile I
Phenylalanine Phe F
Methionine* Met M
Tryptophan Trp w
Proline Pro P
Polar, Glycine® Gly G
uncharged Serine Ser S
(at pH Threonine Thr T
6.0-7.0) Cysteine Cys C
Asparagine Asn N
Glutamine Gln Q
Tyrosine Tyr Y
Polar, Lysine Lys K
charged Arginine Arg R
(at pH Histidine™ His H
6.0-7.0) Aspartate Asp D
Glutamate Glu E

Notes:

a) Sometimes also considered to be a polar uncharged amino acid.

b) Sometimes also considered to be a nonpolar uncharged amino acid.

¢) As will be clear to the skilled person, the fact that an amino acid residue is referred to

in this Table as being either charged or uncharged at pH 6.0 to 7.0 does not reflect in any

way on the charge said amino acid residue may have at a pH lower than 6.0 and/or at a

pH higher than 7.0; the amino acid residues mentioned in the Table can be either charged

and/or uncharged at such a higher or lower pH, as will be clear to the skilled person.

d) As is known in the art, the charge of a His residue is greatly dependant upon even small

shifts in pH, but a His residu can generally be considered essentially uncharged at a pH

of about 6.5.

e) For the purposes of comparing two or more nucleotide
sequences, the percentage of “sequence identity” between
a first nucleotide sequence and a second nucleotide
sequence may be calculated by dividing [the number of
nucleotides in the first nucleotide sequence that are iden-
tical to the nucleotides at the corresponding positions in
the second nucleotide sequence]| by [the total number of
nucleotides in the first nucleotide sequence] and multi-
plying by [100%], in which each deletion, insertion,
substitution or addition of a nucleotide in the second
nucleotide sequence—compared to the first nucleotide
sequence—is considered as a difference at a single
nucleotide (position).
Alternatively, the degree of sequence identity between
two or more nucleotide sequences may be calculated
using a known computer algorithm for sequence align-
ment such as NCBI Blast v2.0, using standard settings.
Some other techniques, computer algorithms and settings
for determining the degree of sequence identity are for
example described in WO 04/037999, EP 0 967 284, EP
1 085 089, WO 00/55318, WO 00/78972, WO 98/49185
and GB 2 357 768-A.
Usually, for the purpose of determining the percentage of
“sequence identity” between two nucleotide sequences in
accordance with the calculation method outlined herein-
above, the nucleotide sequence with the greatest number
of nucleotides will be taken as the “first” nucleotide
sequence, and the other nucleotide sequence will be taken
as the “second” nucleotide sequence;

f) For the purposes of comparing two or more amino acid
sequences, the percentage of “sequence identity” between
a first amino acid sequence and a second amino acid
sequence (as refered to herein as “amino acid identity™)
may be calculated by dividing [the number of amino acid
residues in the first amino acid sequence that are identical
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to the amino acid residues at the corresponding positions
in the second amino acid sequence] by [the total number
of amino acid residues in the first amino acid sequence]
and multiplying by [100%], in which each deletion,
insertion, substitution or addition of an amino acid residue
in the second amino acid sequence—compared to the first
amino acid sequence—is considered as a difference at a
single amino acid residue (position), i.e. as an “amino acid
difference” as defined herein.

Alternatively, the degree of sequence identity between
two amino acid sequences may be calculated using a
known computer algorithm, such as those mentioned
above for determining the degree of sequence identity for
nucleotide sequences, again using standard settings.
Usually, for the purpose of determining the percentage of
“sequence identity” between two amino acid sequences in
accordance with the calculation method outlined herein-
above, the amino acid sequence with the greatest number
of amino acid residues will be taken as the “first” amino
acid sequence, and the other amino acid sequence will be
taken as the “second” amino acid sequence.

Also, in determining the degree of sequence identity
between two amino acid sequences, the skilled person
may take into account so-called “conservative” amino
acid substitutions, which can generally be described as
amino acid substitutions in which an amino acid residue
is replaced with another amino acid residue of similar
chemical structure and which has little or essentially no
influence on the function, activity or other biological
properties of the polypeptide. Such conservative amino
acid substitutions are well known in the art, for example
from WO 04/037999, GB-A-3 357 768, WO 98/49185,
WO 00/46383 and WO 01/09300; and (preferred) types
and/or combinations of such substitutions may be selected
on the basis of the pertinent teachings from WO
04/037999 as well as WO 98/49185 and from the further
references cited therein.

Such conservative substitutions preferably are substitu-
tions in which one amino acid within the following groups
(a)-(e) is substituted by another amino acid residue within
the same group: (a) small aliphatic, nonpolar or slightly
polar residues: Ala, Ser, Thr, Pro and Gly; (b) polar,
negatively charged residues and their (uncharged) amides:
Asp, Asn, Glu and Gln; (¢) polar, positively charged
residues: His, Arg and Lys; (d) large aliphatic, nonpolar
residues: Met, Leu, Ile, Val and Cys; and (e) aromatic
residues: Phe, Tyr and Trp.

Particularly preferred conservative substitutions are as
follows: Ala into Gly or into Ser; Arg into Lys; Asn into
Gln or into His; Asp into Glu; Cys into Ser; Gln into Asn;
Glu into Asp; Gly into Ala or into Pro; His into Asn or into
Gln; Ile into Leu or into Val; Leu into Ile or into Val; Lys
into Arg, into Gln or into Glu; Met into Leu, into Tyr or
into Be; Phe into Met, into Leu or into Tyr; Ser into Thr;
Thr into Ser; Trp into Tyr; Tyr into Trp; and/or Phe into
Val, into Be or into Leu.

Any amino acid substitutions applied to the polypeptides
described herein may also be based on the analysis of the
frequencies of amino acid variations between homolo-
gous proteins of different species developed by Schulz et
al., Principles of Protein Structure, Springer-Verlag, 1978,
on the analyses of structure forming potentials developed
by Chou and Fasman, Biochemistry 13: 211, 1974 and
Adv. Enzymol, 47: 45-149, 1978, and on the analysis of
hydrophobicity patterns in proteins developed by Eisen-
berg et al., Proc. Nad. Acad Sci. USA 81: 140-144, 1984;
Kyte & Doolittle; ] Molec. Biol. 157: 105-132, 1981, and
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Goldman et al., Ann. Rev. Biophys. Chem. 15: 321-353,
1986, all incorporated herein in their entirety by refer-
ence. Information on the primary, secondary and tertiary
structure of Nanobodies is given in the description herein
and in the general background art cited above. Also, for
this purpose, the crystal structure of a V;; domain from
a llama is for example given by Desmyter et al., Nature
Structural Biology, Vol. 3, 9, 803 (1996); Spinelli et al.,
Natural Structural Biology (1996); 3, 752-757; and
Decanniere et al., Structure, Vol. 7, 4, 361 (1999). Further
information about some of the amino acid residues that in
conventional V domains form the V/V; interface and
potential camelizing substitutions on these positions can
be found in the prior art cited above.

g) Amino acid sequences and nucleic acid sequences are said

to be “exactly the same” if they have 100% sequence
identity (as defined herein) over their entire length;

h) When comparing two amino acid sequences, the term

“amino acid difference” refers to an insertion, deletion or
substitution of a single amino acid residue on a position
of the first sequence, compared to the second sequence; it
being understood that two amino acid sequences can
contain one, two or more such amino acid differences;

i) When a nucleotide sequence or amino acid sequence is

said to “comprise” another nucleotide sequence or amino
acid sequence, respectively, or to “essentially consist of”
another nucleotide sequence or amino acid sequence, this
may mean that the latter nucleotide sequence or amino
acid sequence has been incorporated into the firstmen-
tioned nucleotide sequence or amino acid sequence,
respectively, but more usually this generally means that
the firstmentioned nucleotide sequence or amino acid
sequence comprises within its sequence a stretch of
nucleotides or amino acid residues, respectively, that has
the same nucleotide sequence or amino acid sequence,
respectively, as the latter sequence, irrespective of how
the firstmentioned sequence has actually been generated
or obtained (which may for example be by any suitable
method described herein). By means of a non-limiting
example, when a Nanobody of the invention is said to
comprise a CDR sequence, this may mean that said CDR
sequence has been incorporated into the Nanobody of the
invention, but more usually this generally means that the
Nanobody of the invention contains within its sequence a
stretch of amino acid residues with the same amino acid
sequence as said CDR sequence, irrespective of how said
Nanobody of the invention has been generated or
obtained. It should also be noted that when the latter
amino acid sequence has a specific biological or structural
function, it preferably has essentially the same, a similar
or an equivalent biological or structural function in the
firstmentioned amino acid sequence (in other words, the
firstmentioned amino acid sequence is preferably such
that the latter sequence is capable of performing essen-
tially the same, a similar or an equivalent biological or
structural function). For example, when a Nanobody of
the invention is said to comprise a CDR sequence or
framework sequence, respectively, the CDR sequence and
framework are preferably capable, in said Nanobody, of
functioning as a CDR sequence or framework sequence,
respectively. Also, when a nucleotide sequence is said to
comprise another nucleotide sequence, the firstmentioned
nucleotide sequence is preferably such that, when it is
expressed into an expression product (e.g. a polypeptide),
the amino acid sequence encoded by the latter nucleotide
sequence forms part of said expression product (in other
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words, that the latter nucleotide sequence is in the same
reading frame as the firstmentioned, larger nucleotide
sequence).
A nucleic acid sequence or amino acid sequence is
considered to be “(in) essentially isolated (form)”—for
example, compared to its native biological source and/or
the reaction medium or cultivation medium from which it
has been obtained—when it has been separated from at
least one other component with which it is usually asso-
ciated in said source or medium, such as another nucleic
acid, another protein/polypeptide, another biological
component or macromolecule or at least one contaminant,
impurity or minor component. In particular, a nucleic acid
sequence or amino acid sequence is considered “essen-
tially isolated” when it has been purified at least 2-fold, in
particular at least 10-fold, more in particular at least
100-fold, and up to 1000-fold or more. A nucleic acid
sequence or amino acid sequence that is “in essentially
isolated form” is preferably essentially homogeneous, as
determined using a suitable technique, such as a suitable
chromatographical technique, such as polyacrylamide-gel
electrophoresis;

k) The term “domain” as used herein generally refers to a
globular region of an antibody chain, and in particular to
a globular region of a heavy chain antibody, or to a
polypeptide that essentially consists of such a globular
region. Usually, such a domain will comprise peptide
loops (for example 3 or 4 peptide loops) stabilized, for
example, as a sheet or by disulfide bonds. 1) The term
‘antigenic determinant’ refers to the epitope on the anti-
gen recognized by the antigen-binding molecule (such as
a Nanobody or a polypeptide of the invention) and more
in particular by the antigen-binding site of said molecule.
The terms “antigenic determinant” and “epitope” may
also be used interchangeably herein.

m) An amino acid sequence (such as a Nanobody, an
antibody, a polypeptide of the invention, or generally an
antigen binding protein or polypeptide or a fragment
thereof) that can (specifically) bind to, that has affinity for
and/or that has specificity for a specific antigenic deter-
minant, epitope, antigen or protein (or for at least one part,
fragment or epitope thereof) is said to be “against” or
“directed against” said antigenic determinant, epitope,
antigen or protein. In particular, an amino acid sequence
that “against” or “directed against™ an antigenic determi-
nant, epitope, antigen or protein (or for at least one part,
fragment or epitope thereof) and/or that can specifically
bind to, that has affinity for and/or that has specificity for
a specific antigenic determinant, epitope, antigen or pro-
tein (or for at least one part, fragment or epitope thereof)
is defined herein as an amino acid sequence that can bind
to said antigenic determinant, epitope, antigen or protein
(or for at least one part, fragment or epitope thereof) with
adissociation constant (K,,) of 107> to 107" moles/liter or
less, and preferably 1077 to 107'% moles/liter or less and
more preferably 107% to 107'* moles/liter (i.e. with an
association constant (K ) of 10° to 10'? liter/moles or
more, and preferably 107 to 10'? liter/moles or more and
more preferably 10° to 102 liter/moles).

n) The term “specificity” refers to the number of different
types of antigens or antigenic determinants to which a
particular antigen-binding molecule or antigen-binding
protein (such as a Nanobody or a polypeptide of the
invention) molecule can bind. The specificity of an anti-
gen-binding protein can be determined based on affinity
and/or avidity. The affinity, represented by the equilibrium
constant for the dissociation of an antigen with an anti-
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gen-binding protein (K,), is a measure for the binding
strength between an antigenic determinant and an antigen-
binding site on the antigen-binding protein: the lesser the
value of the K, the stronger the binding strength between
an antigenic determinant and the antigen-binding mol-
ecule (alternatively, the affinity can also be expressed as
the affinity constant (K ), which is 1/K,). As will be clear
to the skilled person (for example on the basis of the
further disclosure herein), affinity can be determined in a
manner known per se, depending on the specific antigen
of interest. Avidity is the measure of the strength of
binding between an antigen-binding molecule (such as a
Nanobody or polypeptide of the invention) and the per-
tinent antigen. Avidity is related to both the affinity
between an antigenic determinant and its antigen binding
site on the antigen-binding molecule and the number of
pertinent binding sites present on the antigen-binding
molecule. Typically, antigen-binding proteins (such as the
amino acid sequences, Nanobodies and/or polypeptides of
the invention) will bind to their antigen with a dissocia-
tion constant (K,,) of 10~% to 1072 moles/liter or less, and
preferably 1077 to 107! moles/liter or less and more
preferably 1072 to 1072 moles/liter (i.e. with an associa-
tion constant (K ,) of 10° to 10'2 liter/moles or more, and
preferably 107 to 10'? liter/moles or more and more
preferably 10® to 102 liter/moles). Any K, value greater
than 10* mol/liter (or any K , value lower than 10* M)
liters/mol is generally considered to indicate non-specific
binding. Preferably, a monovalent immunoglobulin
sequence of the invention will bind to the desired serum
protein with an affinity less than 500 nM, preferably less
than 200 nM, more preferably less than 10 nM, such as
less than 500 pM. Specific binding of an antigen-binding
protein to an antigen or antigenic determinant can be
determined in any suitable manner known per se, includ-
ing, for example, Scatchard analysis and/or competitive
binding assays, such as radioimmunoassays (RIA),
enzyme immunoassays (EIA) and sandwich competition
assays, and the different variants thereof known per se in
the art; as well as the other techniques mentioned herein.
The dissociation constant may be the actual or apparent
dissociation constant, as will be clear to the skilled
person. Methods for determining the dissociation constant
will be clear to the skilled person, and for example include
the techniques mentioned herein. In this respect, it will
also be clear that it may not be possible to measure
dissociation constants of more then 10~* moles/liter or
10~* moles/liter (e,g, of 1072 moles/liter). Optionally, as
will also be clear to the skilled person, the (actual or
apparent) dissociation constant may be calculated on the
basis of the (actual or apparent) association constant (K ),
by means of the relationship [K,=1/K].

The affinity denotes the strength or stability of a molecular
interaction. The affinity is commonly given as by the K,
or dissociation constant, which has units of mol/liter (or
M). The affinity can also be expressed as an association
constant, K ;,, which equals 1/K,, and has units of (mol/
liter)™* (or M™). In the present specification, the stability
of the interaction between two molecules (such as an
amino acid sequence, Nanobody or polypeptide of the
invention and its intended target) will mainly be
expressed in terms of the K, value of their interaction; it
being clear to the skilled person that in view of the
relation K _=1/K,,, specifying the strength of molecular
interaction by its K, value can also be used to calculate
the corresponding K, value. The K,-value characterizes
the strength of a molecular interaction also in a thermo-
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dynamic sense as it is related to the free energy (DG) of
binding by the well known relation DG=RT. In(K,)
(equivalently DG=-RT. In(K,)), where R equals the gas
constant, T equals the absolute temperature and In denotes
the natural logarithm.
The K, for biological interactions which are considered
meaningful (e.g. specific) are typically in the range of
107'°M (0.1 nM) to 10~°M (10000 nM). The stronger an
interaction is, the lower is its K.
The K, can also be expressed as the ratio of the disso-
ciation rate constant of a complex, denoted as k,; to the
rate of its association, denoted k ,,, (so that K ,=k,,;/k,,,, and
K.7k,,/k,z- The off-rate k- has units s~! (where s is the
SI unit notation of second). The on-rate k_, has units
M~!s7. The on-rate may vary between 10> M~! s to
about 10 M~ s™', approaching the diffusion-limited
association rate constant for bimolecular interactions. The
off-rate is related to the half-life of a given molecular
interaction by the relation t, ,=1n(2)/k,,,» The off-rate may
vary between 107 s—-1 (near irreversible complex with a
t,,, of multiple days) to 157 (t,,,=0.69 s).
The affinity of a molecular interaction between two mol-
ecules can be measured via different techniques known
per se, such as the well the known surface plasmon
resonance (SPR) biosensor technique (see for example
Ober et al., Intern. Immunology, 13, 1551-1559, 2001)
where one molecule is immobilized on the biosensor chip
and the other molecule is passed over the immobilized
molecule under flow conditions yielding k,,, k,, mea-
surements and hence K, (or K,) values. This can for
example be performed using the well-known BIACORE
instruments.
It will also be clear to the skilled person that the measured
K, may correspond to the apparent K, if the measuring
process somehow influences the intrinsic binding affinity
of the implied molecules for example by artifacts related
to the coating on the biosensor of one molecule. Also, an
apparent K,, may be measured if one molecule contains
more than one recognition sites for the other molecule. In
such situation the measured affinity may be affected by the
avidity of the interaction by the two molecules.
Another approach that may be used to assess affinity is the
2-step ELISA (Enzyme-Linked Immunosorbent Assay)
procedure of Friguet et al. (J. Immunol. Methods, 77,
305-19, 1985). This method establishes a solution phase
binding equilibrium measurement and avoids possible
artifacts relating to adsorption of one of the molecules on
a support such as plastic.
However, the accurate measurement of K,, may be quite
labor-intensive and as consequence, often apparent K,
values are determined to assess the binding strength of
two molecules. It should be noted that as long all mea-
surements are made in a consistent way (e.g. keeping the
assay conditions unchanged) apparent K, measurements
can be used as an approximation of the true K, and hence
in the present document K, and apparent K,, should be
treated with equal importance or relevance. Finally, it
should be noted that in many situations the experienced
scientist may judge it to be convenient to determine the
binding affinity relative to some reference molecule. For
example, to assess the binding strength between mol-
ecules A and B, one may e.g. use a reference molecule C
that is known to bind to B and that is suitably labeled with
a fluorophore or chromophore group or other chemical
moiety, such as biotin for easy detection in an ELISA or
FACS (Fluorescent activated cell sorting) or other format
(the fluorophore for fluorescence detection, the chro-
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mophore for light absorption detection, the biotin for
streptavidin-mediated ELISA detection). Typically, the
reference molecule C is kept at a fixed concentration and
the concentration of A is varied for a given concentration
or amount of B. As a result an ICs, value is obtained
corresponding to the concentration of A at which the
signal measured for C in absence of A is halved. Provided
Kp e the K, of the reference molecule, is known, as well
as the total concentration c,,, of the reference molecule,
the apparent K, for the interaction A-B can be obtained
from following formula: K,=IC;,/(1+c,. /K, 0. Note
that if cref<<K,, ref, K, ,=IC5,. Provided the measurement
of the ICs,, is performed in a consistent way (e.g. keeping
¢, fixed) for the binders that are compared, the strength
or stability of a molecular interaction can be assessed by
the IC,, and this measurement is judged as equivalent to
K, or to apparent K, throughout this text.

0) The half-life of an amino acid sequence, compound or

polypeptide of the invention can generally be defined as
the time taken for the serum concentration of the amino
acid sequence, compound or polypeptide to be reduced by
50%, in vivo, for example due to degradation of the
sequence or compound and/or clearance or sequestration
of the sequence or compound by natural mechanisms. The
in vivo half-life of an amino acid sequence, compound or
polypeptide of the invention can be determined in any
manner known per se, such as by pharmacokinetic analy-
sis. Suitable techniques will be clear to the person skilled
in the art, and may for example generally involve the steps
of suitably administering to a warm-blooded animal (i.e.
to a human or to another suitable mammal, such as a
mouse, rabbit, rat, pig, dog or a primate, for example
monkeys from the genus Macaca (such as, and in par-
ticular, cynomologus monkeys (Macaca fascicularis)
and/or rhesus monkeys (Macaca mulatta)) and baboon
(Papio wursinus)) a suitable dose of the amino acid
sequence, compound or polypeptide of the invention;
collecting blood samples or other samples from said
animal; determining the level or concentration of the
amino acid sequence, compound or polypeptide of the
invention in said blood sample; and calculating, from (a
plot of) the data thus obtained, the time until the level or
concentration of the amino acid sequence, compound or
polypeptide of the invention has been reduced by 50%
compared to the initial level upon dosing. Reference is for
example made to the Experimental Part below, as well as
to the standard handbooks, such as Kenneth, A et al:
Chemical Stability of Pharmaceuticals: A Handbook for
Pharmacists and Peters et al, Pharmacokinete analysis: A
Practical Approach (1996). Reference is also made to
“Pharmacokinetics”, M Gibaldi & D Perron, published by
Marcel Dekker, 2nd Rev. edition (1982).

As will also be clear to the skilled person (see for example
pages 6 and 7 of WO 04/003019 and in the further
references cited therein), the half-life can be expressed
using parameters such as the t1/2-alpha, t1/2-beta and the
area under the curve (AUC).

In the present specification, an “increase in half-life”
refers to an increase in any one of these parameters, such
as any two of these parameters, or essentially all three
these parameters. As used herein “increase in half-life” or
“increased half-life” in particular refers to an increase in
the t1/2-beta, either with or without an increase in the
t1/2-alpha and/or the AUC or both.

65 p) As also further described herein, the total number of

amino acid residues in a Nanobody can be in the region
of 110-120, is preferably 112-115, and is most preferably
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113. It should however be noted that parts, fragments,
analogs or derivatives (as further described herein) of a
Nanobody are not particularly limited as to their length
and/or size, as long as such parts, fragments, analogs or
derivatives meet the further requirements outlined herein
and are also preferably suitable for the purposes described
herein;

q) The amino acid residues of a Nanobody are numbered

according to the general numbering for V,, domains given
by Kabat et al. (“Sequence of proteins of immunological
interest”, US Public Health Services, NIH Bethesda, Md.,
Publication No. 91), as applied to V,,, domains from
Camelids in the article of Riechmann and Muyldermans,
J. Immunol. Methods 2000 Jun. 23; 240 (1-2):185-195
(see for example FIG. 2 of said article or referred to
herein. According to this numbering, FR1 of a Nanobody
comprises the amino acid residues at positions 1-30,
CDRI1 of a Nanobody comprises the amino acid residues
at positions 31-35, FR2 of a Nanobody comprises the
amino acids at positions 36-49, CDR2 of a Nanobody
comprises the amino acid residues at positions 50-65, FR3
of a Nanobody comprises the amino acid residues at
positions 66-94, CDR3 of a Nanobody comprises the
amino acid residues at positions 95-102, and FR4 of a
Nanobody comprises the amino acid residues at positions
103-113. [In this respect, it should be noted that—as is
well known in the art for V, domains and for V.,
domains—the total number of amino acid residues in each
of the CDR’s may vary and may not correspond to the
total number of amino acid residues indicated by the
Kabat numbering (that is, one or more positions according
to the Kabat numbering may not be occupied in the actual
sequence, or the actual sequence may contain more amino
acid residues than the number allowed for by the Kabat
numbering). This means that, generally, the numbering
according to Kabat may or may not correspond to the
actual numbering of the amino acid residues in the actual
sequence. Generally, however, it can be said that, accord-
ing to the numbering of Kabat and irrespective of the
number of amino acid residues in the CDR’s, position 1
according to the Kabat numbering corresponds to the start
of FR1 and vice versa, position 36 according to the Kabat
numbering corresponds to the start of FR2 and vice versa,
position 66 according to the Kabat numbering corre-
sponds to the start of FR3 and vice versa, and position 103
according to the Kabat numbering corresponds to the start
of FR4 and vice versa.].
Alternative methods for numbering the amino acid resi-
dues of V; domains, which methods can also be applied
in an analogous manner to V,;; domains from Camelids
and to Nanobodies, are the method described by Chothia
et al. (Nature 342, 877-883 (1989)), the so-called “AbM
definition” and the so-called “contact definition”. How-
ever, in the present description, claims and figures, the
numbering according to Kabat as applied to V; domains
by Riechmann and Muyldermans will be followed, unless
indicated otherwise; and

r) The Figures, Sequence Listing and the Experimental
Part/Examples are only given to further illustrate the
invention and should not be interpreted or construed as
limiting the scope of the invention and/or of the appended
claims in any way, unless explicitly indicated otherwise
herein.

For a general description of heavy chain antibodies and
the variable domains thereof, reference is inter alia made to
the prior art cited herein, to the review article by Muylder-
mans in Reviews in Molecular Biotechnology 74(2001),
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277-302; as well as to the following patent applications,
which are mentioned as general background art: WO
94/04678, WO 95/04079 and WO 96/34103 of the Vrije
Universiteit Brussel, WO 94/25591, WO 99/37681, WO
00/40968, WO 00/43507, WO 00/65057, WO 01/40310,
WO 01/44301, EP 1134231 and WO 02/48193 of Unilever;
WO 97/49805, WO 01/21817, WO 03/035694, WO
03/054016 and WO 03/055527 of the Vlaams Instituut voor
Biotechnologie (VIB); WO 03/050531 of Algonomics N. V.
and Ablynx N. V.; WO 01/90190 by the National Research
Council of Canada; WO 03/025020 (=EP 1 433 793) by the
Institute of Antibodies; as well as WO 04/041867, WO
04/041862, WO 04/041865, WO 04/041863, WO
04/062551, WO 05/044858, WO 06/40153, WO 06/079372,
WO 06/122786, WO 06/122787 and WO 06/122825, by
Ablynx N. V. and the further published patent applications
by Ablynx N. V. Reference is also made to the further prior
art mentioned in these applications, and in particular to the
list of references mentioned on pages 41-43 of the Interna-
tional application WO 06/040153, which list and references
are incorporated herein by reference.

In accordance with the terminology used in the above
references, the variable domains present in naturally occur-
ring heavy chain antibodies will also be referred to as “V,,
domains”, in order to distinguish them from the heavy chain
variable domains that are present in conventional 4-chain
antibodies (which will be referred to hereinbelow as “V
domains™) and from the light chain variable domains that are
present in conventional 4-chain antibodies (which will be
referred to hereinbelow as “V, domains™).

As mentioned in the prior art referred to above, Vi
domains have a number of unique structural characteristics
and functional properties which make isolated V,;, domains
(as well as Nanobodies based thereon, which share these
structural characteristics and functional properties with the
naturally occurring V,;, domains) and proteins containing
the same highly advantageous for use as functional antigen-
binding domains or proteins. In particular, and without being
limited thereto, V,;; domains (which have been “designed”
by nature to functionally bind to an antigen without the
presence of, and without any interaction with, a light chain
variable domain) and Nanobodies can function as a single,
relatively small, functional antigen-binding structural unit,
domain or protein. This distinguishes the V,;, domains from
the V,, and V, domains of conventional 4-chain antibodies,
which by themselves are generally not suited for practical
application as single antigen-binding proteins or domains,
but need to be combined in some form or another to provide
a functional antigen-binding unit (as in for example con-
ventional antibody fragments such as Fab fragments; in
ScFv’s fragments, which consist of a V; domain covalently
linked to a V; domain).

Because of these unique properties, the use of V.,
domains and Nanobodies as single antigen-binding proteins
or as antigen-binding domains (i.e. as part of a larger protein
or polypeptide) offers a number of significant advantages
over the use of conventional V, and V; domains, scFv’s or
conventional antibody fragments (such as Fab- or F(ab'),-
fragments):

only a single domain is required to bind an antigen with

high affinity and with high selectivity, so that there is no
need to have two separate domains present, nor to
assure that these two domains are present in the right
spacial conformation and configuration (i.e. through
the use of especially designed linkers, as with scFv’s);
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V zzr domains and Nanobodies can be expressed from a
single gene and require no post-translational folding or
modifications;

V zzr domains and Nanobodies can easily be engineered
into multivalent and multispecific formats (as further
discussed herein);

V5 domains and Nanobodies are highly soluble and do
not have a tendency to aggregate (as with the mouse-
derived antigen-binding domains described by Ward et
al., Nature, Vol. 341, 1989, p. 544);

V z7zr domains and Nanobodies are highly stable to heat,
pH, proteases and other denaturing agents or conditions
(see for example Ewert et al, supra);

Vi domains and Nanobodies are easy and relatively
cheap to prepare, even on a scale required for produc-
tion. For example, V,,, domains, Nanobodies and pro-
teins/polypeptides containing the same can be pro-
duced using microbial fermentation (e.g. as further
described below) and do not require the use of mam-
malian expression systems, as with for example con-
ventional antibody fragments;

V; domains and Nanobodies are relatively small (ap-
proximately 15 kDa, or 10 times smaller than a con-
ventional Ig(G) compared to conventional 4-chain anti-
bodies and antigen-binding fragments thereof, and
therefore show high(er) penetration into tissues (in-
cluding but not limited to solid tumors and other dense
tissues) than such conventional 4-chain antibodies and
antigen-binding fragments thereof;

V ;y domains and Nanobodies can show so-called cavity-
binding properties (inter alia due to their extended
CDR3 loop, compared to conventional V, domains)
and can therefore also access targets and epitopes not
accessable to conventional 4-chain antibodies and anti-
gen-binding fragments thereof. For example, it has
been shown that V,, domains and Nanobodies can
inhibit enzymes (see for example WO 97/49805; Tran-
sue et al., (1998), supra; Lauwereys et al., (1998),
supra.

As mentioned above, the invention generally relates to
Nanobodies directed against the I[.-6 receptor, as well as to
polypeptides comprising or essentially consisting of one or
more of such Nanobodies, that can be used for the prophy-
lactic, therapeutic and/or diagnostic purposes described
herein.

As also further described herein, the invention further
relates to nucleic acids encoding such Nanobodies and
polypeptides, to methods for preparing such Nanobodies and
polypeptides, to host cells expressing or capable of express-
ing such Nanobodies or polypeptides, to compositions com-
prising such Nanobodies, polypeptides, nucleic acids or host
cells, and to uses of such Nanobodies, polypeptides, nucleic
acids, host cells or compositions.

Generally, it should be noted that the term Nanobody as
used herein in its broadest sense is not limited to a specific
biological source or to a specific method of preparation. For
example, as will be discussed in more detail below, the
Nanobodies of the invention can generally be obtained: (1)
by isolating the V,;; domain of a naturally occurring heavy
chain antibody; (2) by expression of a nucleotide sequence
encoding a naturally occurring V,,;, domain; (3) by “human-
ization” (as described herein) of a naturally occurring V
domain or by expression of a nucleic acid encoding a such
humanized V ;; domain; (4) by “camelization” (as described
herein) of a naturally occurring V; domain from any animal
species, and in particular a from species of mammal, such as
from a human being, or by expression of a nucleic acid
encoding such a camelized V domain; (5) by “camelisa-
tion” of'a “domain antibody” or “Dab” as described by Ward
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et al (supra), or by expression of a nucleic acid encoding
such a camelized V, domain; (6) by using synthetic or
semi-synthetic techniques for preparing proteins, polypep-
tides or other amino acid sequences known per se; (7) by
preparing a nucleic acid encoding a Nanobody using tech-
niques for nucleic acid synthesis known per se, followed by
expression of the nucleic acid thus obtained; and/or (8) by
any combination of one or more of the foregoing. Suitable
methods and techniques for performing the foregoing will be
clear to the skilled person based on the disclosure herein and
for example include the methods and techniques described
in more detail herein.

One preferred class of Nanobodies corresponds to the
V zzr domains of naturally occurring heavy chain antibodies
directed against the IL-6 receptor. As further described
herein, such V,,;; sequences can generally be generated or
obtained by suitably immunizing a species of Camelid with
the IL-6 receptor (i.e. so as to raise an immune response
and/or heavy chain antibodies directed against the IL-6
receptor), by obtaining a suitable biological sample from
said Camelid (such as a blood sample, serum sample or
sample of B-cells), and by generating V., sequences
directed against the IL-6 receptor, starting from said sample,
using any suitable technique known per se. Such techniques
will be clear to the skilled person and/or are further
described herein.

Alternatively, such naturally occurring V. domains
against the IL-6 receptor, can be obtained from naive librar-
ies of Camelid V,, sequences, for example by screening
such a library using the IL-6 receptor, or at least one part,
fragment, antigenic determinant or epitope thereof using one
or more screening techniques known per se. Such libraries
and techniques are for example described in WO 99/37681,
WO 01/90190, WO 03/025020 and WO 03/035694. Alter-
natively, improved synthetic or semi-synthetic libraries
derived from naive V , libraries may be used, such as V,
libraries obtained from naive V., libraries by techniques
such as random mutagenesis and/or CDR shufiling, as for
example described in WO 00/43507.

Yet another technique for obtaining V., sequences
directed against the IL.-6 receptor, involves suitably immu-
nizing a transgenic mammal that is capable of expressing
heavy chain antibodies (i.e. so as to raise an immune
response and/or heavy chain antibodies directed against the
IL-6 receptor), obtaining a suitable biological sample from
said transgenic mammal (such as a blood sample, serum
sample or sample of B-cells), and then generating V
sequences directed against The IL-6 receptor, starting from
said sample, using any suitable technique known per se. For
example, for this purpose, the heavy chain antibody-express-
ing mice and the further methods and techniques described
in WO 02/085945, WO 04/049794, WO 06/008548 and
Janssens et al., Proc. Natl. Acad. Sci. USA. 2006 Oct. 10;
103(41):15130-5 can be used.

A particularly preferred class of Nanobodies of the inven-
tion comprises Nanobodies with an amino acid sequence
that corresponds to the amino acid sequence of a naturally
occurring V,,;, domain, but that has been “humanized”, i.e.
by replacing one or more amino acid residues in the amino
acid sequence of said naturally occurring V., sequence (and
in particular in the framework sequences) by one or more of
the amino acid residues that occur at the corresponding
position(s) in a V, domain from a conventional 4-chain
antibody from a human being (e.g. indicated above). This
can be performed in a manner known per se, which will be
clear to the skilled person, for example on the basis of the
further description herein and the prior art on humanization
referred to herein. Again, it should be noted that such
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humanized Nanobodies of the invention can be obtained in
any suitable manner known per se (i.e. as indicated under
points (1)-(8) above) and thus are not strictly limited to
polypeptides that have been obtained using a polypeptide
that comprises a naturally occurring V,,;; domain as a
starting material.

Another particularly preferred class of Nanobodies of the
invention comprises Nanobodies with an amino acid
sequence that corresponds to the amino acid sequence of a
naturally occurring V, domain, but that has been “camel-
ized”, i.e. by replacing one or more amino acid residues in
the amino acid sequence of a naturally occurring V,; domain
from a conventional 4-chain antibody by one or more of the
amino acid residues that occur at the corresponding position
(s) in a V;; domain of a heavy chain antibody. This can be
performed in a manner known per se, which will be clear to
the skilled person, for example on the basis of the further
description herein. Such “camelizing” substitutions are pref-
erably inserted at amino acid positions that form and/or are
present at the V-V, interface, and/or at the so-called
Camelidae hallmark residues, as defined herein (see for
example WO 94/04678 and Davies and Riechmann (1994
and 1996), supra). Preferably, the V,, sequence that is used
as a starting material or starting point for generating or
designing the camelized Nanobody is preferably a V,
sequence from a mammal, more preferably the V, sequence
of a human being, such as a V3 sequence. However, it
should be noted that such camelized Nanobodies of the
invention can be obtained in any suitable manner known per
se (i.e. as indicated under points (1)-(8) above) and thus are
not strictly limited to polypeptides that have been obtained
using a polypeptide that comprises a naturally occurring V,,
domain as a starting material.

For example, again as further described herein, both
“humanization” and “camelization” can be performed by
providing a nucleotide sequence that encodes a naturally
occurring V,,, domain or V,, domain, respectively, and then
changing, in a manner known per se, one or more codons in
said nucleotide sequence in such a way that the new nucleo-
tide sequence encodes a “humanized” or “camelized” Nano-
body of the invention, respectively. This nucleic acid can
then be expressed in a manner known per se, so as to provide
the desired Nanobody of the invention. Alternatively, based
on the amino acid sequence of a naturally occurring V
domain or V,,domain, respectively, the amino acid sequence
of the desired humanized or camelized Nanobody of the
invention, respectively, can be designed and then synthe-
sized de novo using techniques for peptide synthesis known
per se. Also, based on the amino acid sequence or nucleotide
sequence of a naturally occurring Vg, domain or Vg
domain, respectively, a nucleotide sequence encoding the
desired humanized or camelized Nanobody of the invention,
respectively, can be designed and then synthesized de novo
using techniques for nucleic acid synthesis known per se,
after which the nucleic acid thus obtained can be expressed
in a manner known per se, so as to provide the desired
Nanobody of the invention.

Other suitable methods and techniques for obtaining the
Nanobodies of the invention and/or nucleic acids encoding
the same, starting from naturally occurring V; sequences or
preferably V.., sequences, will be clear from the skilled
person, and may for example comprise combining one or
more parts of one or more naturally occurring V; sequences
(such as one or more FR sequences and/or CDR sequences),
one or more parts of one or more naturally occurring V
sequences (such as one or more FR sequences or CDR
sequences), and/or one or more synthetic or semi-synthetic
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sequences, in a suitable manner, so as to provide a Nano-

body of the invention or a nucleotide sequence or nucleic

acid encoding the same.

Optionally, a Nanobody of the invention may also, and in
addition to the at least one binding site for binding against
IL-6R, contain one or more further binding sites for binding
against other antigens, proteins or targets. For methods and
positions for introducing such second binding sites, tefer-
ence is for example made to Keck and Huston, Biophysical
Journal, 71, October 1996, 2002-2011; EP 0 640 130; WO
06/07260 and the US provisional application by Ablynx N.
V. entitled “Immunoglobulin domains with multiple binding
sites” filed on Nov. 27, 2006.

According to one preferred, but non-limiting aspect of the
invention, a Nanobody in its broadest sense can be generally
defined as a polypeptide comprising:

a) an amino acid sequence that is comprised of four frame-
work regions/sequences interrupted by three complemen-
tarity determining regions/sequences, in which the amino
acid residue at position 108 according to the Kabat
numbering is Q;

and/or:

b) an amino acid sequence that is comprised of four frame-
work regions/sequences interrupted by three complemen-
tarity determining regions/sequences, in which the amino
acid residue at position 45 according to the Kabat num-
bering is a charged amino acid (as defined herein) or a
cysteine residue, and position 44 is preferably an E;

and/or:

¢) an amino acid sequence that is comprised of four frame-
work regions/sequences interrupted by three complemen-
tarity determining regions/sequences, in which the amino
acid residue at position 103 according to the Kabat
numbering is chosen from the group consisting of P, R and
S, and is in particular chosen from the group consisting of
R and S.

Thus, in a first preferred, but non-limiting aspect, a
Nanobody of the invention may have the structure

FR1-CDRI1-FR2-CDR2-FR3-CDR3-FR4

in which FR1 to FR4 refer to framework regions 1 to 4,
respectively, and in which CDR1 to CDR3 refer to the
complementarity determining regions 1 to 3, respectively,
and in which
a) the amino acid residue at position 108 according to the

Kabat numbering is Q; and/or in which:

b) the amino acid residue at position 45 according to the
Kabat numbering is a charged amino acid or a cysteine
and the amino acid residue at position 44 according to the
Kabat numbering is preferably E;

and/or in which:

¢) the amino acid residue at position 103 according to the
Kabat numbering is chosen from the group consisting of
P, R and S, and is in particular chosen from the group
consisting of R and S;

and in which:

d) CDR1, CDR2 and CDR3 are as defined herein, and are
preferably as defined according to one of the preferred
embodiments herein, and are more preferably as defined
according to one of the more preferred embodiments
herein.

In particular, a Nanobody in its broadest sense can be
generally defined as a polypeptide comprising:

a) an amino acid sequence that is comprised of four frame-
work regions/sequences interrupted by three complemen-
tarity determining regions/sequences, in which the amino
acid residue at position 108 according to the Kabat
numbering is Q;
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and/or:

b) an amino acid sequence that is comprised of four frame-
work regions/sequences interrupted by three complemen-
tarity determining regions/sequences, in which the amino
acid residue at position 44 according to the Kabat num-
bering is E and in which the amino acid residue at position
45 according to the Kabat numbering is an R;

and/or:

¢) an amino acid sequence that is comprised of four frame-
work regions/sequences interrupted by three complemen-
tarity determining regions/sequences, in which the amino
acid residue at position 103 according to the Kabat
numbering is chosen from the group consisting of P, R and
S, and is in particular chosen from the group consisting of
R and S.

Thus, according to a preferred, but non-limiting aspect, a

Nanobody of the invention may have the structure
FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4
in which FR1 to FR4 refer to framework regions 1 to 4,

respectively, and in which CDR1 to CDR3 refer to the

complementarity determining regions 1 to 3, respectively,
and in which

a) the amino acid residue at position 108 according to the
Kabat numbering is Q; and/or in which:

b) the amino acid residue at position 44 according to the
Kabat numbering is E and in which the amino acid residue
at position 45 according to the Kabat numbering is an R;

and/or in which:

¢) the amino acid residue at position 103 according to the
Kabat numbering is chosen from the group consisting of
P, R and S, and is in particular chosen from the group
consisting of R and S;

and in which:

d) CDR1, CDR2 and CDR3 are as defined herein, and are
preferably as defined according to one of the preferred
embodiments herein, and are more preferably as defined
according to one of the more preferred embodiments
herein.

In particular, a Nanobody against the IL-6 receptor,
according to the invention may have the structure:

FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4

in which FR1 to FR4 refer to framework regions 1 to 4,
respectively, and in which CDR1 to CDR3 refer to the
complementarity determining regions 1 to 3, respectively,
and in which

a) the amino acid residue at position 108 according to the
Kabat numbering is Q;

a and/or in which:

b) the amino acid residue at position 44 according to the
Kabat numbering is E and in which the amino acid residue
at position 45 according to the Kabat numbering is an R;

and/or in which:

¢) the amino acid residue at position 103 according to the
Kabat numbering is chosen from the group consisting of
P, R and S, and is in particular chosen from the group
consisting of R and S;

and in which:

d) CDR1, CDR2 and CDR3 are as defined herein, and are
preferably as defined according to one of the preferred
embodiments herein, and are more preferably as defined
according to one of the more preferred embodiments
herein.

In particular, according to one preferred, but non-limiting
aspect of the invention, a Nanobody can generally be defined
as a polypeptide comprising an amino acid sequence that is
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comprised of four framework regions/sequences interrupted

by three complementarity determining regions/sequences, in

which;

a-1) the amino acid residue at position 44 according to the
Kabat numbering is chosen from the group consisting of
A, G, E D, G,Q,R, S, L; and is preferably chosen from
the group consisting of G, E or Q; and

a-2) the amino acid residue at position 45 according to the
Kabat numbering is chosen from the group consisting of
L, R or C; and is preferably chosen from the group
consisting of Lor R; and

a-3) the amino acid residue at position 103 according to the
Kabat numbering is chosen from the group consisting of
W, R or S; and is preferably W or R, and is most
preferably W;

a-4) the amino acid residue at position 108 according to the
Kabat numbering is Q; or in which:

b-1) the amino acid residue at position 44 according to the
Kabat numbering is chosen from the group consisting of
E and Q; and

b-2) the amino acid residue at position 45 according to the
Kabat numbering is R; and

b-3) the amino acid residue at position 103 according to the
Kabat numbering is chosen from the group consisting of
W, R and S; and is preferably W;

b-4) the amino acid residue at position 108 according to the
Kabat numbering is chosen from the group consisting of
Q and L; and is preferably Q;

or in which:

c-1) the amino acid residue at position 44 according to the
Kabat numbering is chosen from the group consisting of
A, G,E, D, Q, R, S and L; and is preferably chosen from
the group consisting of G, E and Q; and

c-2) the amino acid residue at position 45 according to the
Kabat numbering is chosen from the group consisting of
L, R and C; and is preferably chosen from the group
consisting of [L and R; and

¢-3) the amino acid residue at position 103 according to the
Kabat numbering is chosen from the group consisting of
P, R and S; and is in particular chosen from the group
consisting of R and S; and

c-4) the amino acid residue at position 108 according to the
Kabat numbering is chosen from the group consisting of
Q and L; is preferably Q;

and in which

d) CDR1, CDR2 and CDR3 are as defined herein, and are
preferably as defined according to one of the preferred
embodiments herein, and are more preferably as defined
according to one of the more preferred embodiments
herein.

Thus, in another preferred, but non-limiting aspect, a

Nanobody of the invention may have the structure
FR1-CDRI1-FR2-CDR2-FR3-CDR3-FR4
in which FR1 to FR4 refer to framework regions 1 to 4,

respectively, and in which CDR1 to CDR3 refer to the

complementarity determining regions 1 to 3, respectively,
and in which:

a-1) the amino acid residue at position 44 according to the
Kabat numbering is chosen from the group consisting of
A, G, E D, G,Q,R, S, L; and is preferably chosen from
the group consisting of G, E or Q;

and in which:

a-2) the amino acid residue at position 45 according to the
Kabat numbering is chosen from the group consisting of
L, R or C; and is preferably chosen from the group
consisting of L or R;
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and in which:

a-3) the amino acid residue at position 103 according to the
Kabat numbering is chosen from the group consisting of
W, R or S; and is preferably W or R, and is most
preferably W;

and in which

a-4) the amino acid residue at position 108 according to the
Kabat numbering is Q;

and in which:

d) CDR1, CDR2 and CDR3 are as defined herein, and are
preferably as defined according to one of the preferred
embodiments herein, and are more preferably as defined
according to one of the more preferred embodiments
herein.

In another preferred, but non-limiting aspect, a Nanobody
of the invention may have the structure

FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4

in which FR1 to FR4 refer to framework regions 1 to 4,
respectively, and in which CDR1 to CDR3 refer to the
complementarity determining regions 1 to 3, respectively,
and in which:

b-1) the amino acid residue at position 44 according to the
Kabat numbering is chosen from the group consisting of
E and Q;

and in which:

b-2) the amino acid residue at position 45 according to the
Kabat numbering is R;

and in which:

b-3) the amino acid residue at position 103 according to the
Kabat numbering is chosen from the group consisting of
W, R and S; and is preferably W;

and in which:

b-4) the amino acid residue at position 108 according to the
Kabat numbering is chosen from the group consisting of
Q and L; and is preferably Q;

and in which:

d) CDR1, CDR2 and CDR3 are as defined herein, and are
preferably as defined according to one of the preferred
embodiments herein, and are more preferably as defined
according to one of the more preferred embodiments
herein.

In another preferred, but non-limiting aspect, a Nanobody
of the invention may have the structure

FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4

in which FR1 to FR4 refer to framework regions 1 to 4,
respectively, and in which CDR1 to CDR3 refer to the
complementarity determining regions 1 to 3, respectively,
and in which:

c-1) the amino acid residue at position 44 according to the
Kabat numbering is chosen from the group consisting of
A, G,E, D, Q, R, S and L; and is preferably chosen from
the group consisting of G, E and Q;

and in which:

c-2) the amino acid residue at position 45 according to the
Kabat numbering is chosen from the group consisting of
L, R and C; and is preferably chosen from the group
consisting of L and R;

and in which:

¢-3) the amino acid residue at position 103 according to the
Kabat numbering is chosen from the group consisting of
P, R and S; and is in particular chosen from the group
consisting of R and S;

and in which:

c-4) the amino acid residue at position 108 according to the
Kabat numbering is chosen from the group consisting of
Q and L; is preferably Q;

10

25

40

45

55

56

and in which:

d) CDR1, CDR2 and CDR3 are as defined herein, and are
preferably as defined according to one of the preferred
embodiments herein, and are more preferably as defined
according to one of the more preferred embodiments
herein.

Two particularly preferred, but non-limiting groups of the
Nanobodies of the invention are those according to a) above;
according to (a-1) to (a-5) above; according to b) above;
according to (b-1) to (b-4) above; according to (c) above;
and/or according to (c-1) to (c-4) above, in which;

a) the amino acid residues at positions 44-47 according to
the Kabat numbering form the sequence GLEW (or a
GLEW-like sequence as defined herein) and the amino
acid residue at position 108 is Q;

or in which:

b) the amino acid residues at positions 43-46 according to
the Kabat numbering form the sequence KERE or KQRE
(or a KERE-like sequence) and the amino acid residue at
position 108 is Q or L, and is preferably Q.

Thus, in another preferred, but non-limiting aspect, a
Nanobody of the invention may have the structure

FR1-CDRI1-FR2-CDR2-FR3-CDR3-FR4

in which FR1 to FR4 refer to framework regions 1 to 4,
respectively, and in which CDR1 to CDR3 refer to the
complementarity determining regions 1 to 3, respectively,
and in which:

a) the amino acid residues at positions 44-47 according to
the Kabat numbering form the sequence GLEW (or a
GLEW-like sequence as defined herein) and the amino
acid residue at position 108 is Q;

and in which:

b) CDR1, CDR2 and CDR3 are as defined herein, and are
preferably as defined according to one of the preferred
embodiments herein, and are more preferably as defined
according to one of the more preferred embodiments
herein.

In another preferred, but non-limiting aspect, a Nanobody
of the invention may have the structure

FR1-CDRI1-FR2-CDR2-FR3-CDR3-FR4

in which FR1 to FR4 refer to framework regions 1 to 4,
respectively, and in which CDR1 to CDR3 refer to the
complementarity determining regions 1 to 3, respectively,
and in which:

a) the amino acid residues at positions 43-46 according to
the Kabat numbering form the sequence KERE or KQRE
(or a KERE-like sequence) and the amino acid residue at
position 108 is Q or L, and is preferably Q;

and in which:

b) CDR1, CDR2 and CDR3 are as defined herein, and are
preferably as defined according to one of the preferred
embodiments herein, and are more preferably as defined
according to one of the more preferred embodiments
herein.

In the Nanobodies of the invention in which the amino
acid residues at positions 43-46 according to the Kabat
numbering form the sequence KERE or KQRE, the amino
acid residue at position 37 is most preferably F. In the
Nanobodies of the invention in which the amino acid
residues at positions 44-47 according to the Kabat number-
ing form the sequence GLEW, the amino acid residue at
position 37 is chosen from the group consisting of Y, H, I,
L, Vor F, and is most preferably V.

Thus, without being limited hereto in any way, on the
basis of the amino acid residues present on the positions
mentioned above, the Nanobodies of the invention can
generally be classified on the basis of the following three
groups:
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a) The “GLEW-group”: Nanobodies with the amino acid
sequence GLEW at positions 44-47 according to the
Kabat numbering and Q at position 108 according to the
Kabat numbering. As further described herein, Nanobod-
ies within this group usually have a V at position 37, and
can have a W, P, R or S at position 103, and preferably
have a W at position 103. The GLEW group also com-
prises some GLEW-like sequences such as those men-
tioned in Table A-3 below;

b) The “KERE-group™ Nanobodies with the amino acid
sequence KERE or KQRE (or another KERE-like
sequence) at positions 43-46 according to the Kabat
numbering and Q or L at position 108 according to the
Kabat numbering. As further described herein, Nanobod-
ies within this group usually have a F at position 37, an
L or F at position 47; and can have a W, P, R or S at
position 103, and preferably have a W at position 103;

¢) The “103 P, R, S-group”: Nanobodies witha P, R or S at
position 103. These

Nanobodies can have either the amino acid sequence
GLEW at positions 44-47 according to the Kabat numbering
or the amino acid sequence KERE or KQRE at positions
43-46 according to the Kabat numbering, the latter most
preferably in combination with an F at position 37 and an L
or an F at position 47 (as defined for the KERE-group); and
can have Q or L at position 108 according to the Kabat
numbering, and preferably have Q.

Also, where appropriate, Nanobodies may belong to (i.e.
have characteristics of) two or more of these classes. For
example, one specifically preferred group of Nanobodies has
GLEW or a GLEW-like sequence at positions 44-47; P, R or
S (and in particular R) at position 103; and Q at position 108
(which may be humanized to 108L).

Thus, in another preferred, but non-limiting aspect, a
Nanobody of the invention may be a Nanobody belonging to
the GLEW-group (as defined herein), and in which CDR1,
CDR2 and CDR3 are as defined herein, and are preferably
as defined according to one of the preferred embodiments
herein, and are more preferably as defined according to one
of the more preferred embodiments herein.

In another preferred, but non-limiting aspect, a Nanobody
of the invention may be a Nanobody belonging to the
KERE-group (as defined herein), and CDR1, CDR2 and
CDR3 are as defined herein, and are preferably as defined
according to one of the preferred embodiments herein, and
are more preferably as defined according to one of the more
preferred embodiments herein.

Thus, in another preferred, but non-limiting aspect, a
Nanobody of the invention may be a Nanobody belonging to
the 103 P, R, S-group (as defined herein), and in which
CDR1, CDR2 and CDR3 are as defined herein, and are
preferably as defined according to one of the preferred
embodiments herein, and are more preferably as defined
according to one of the more preferred embodiments herein.

Also, more generally and in addition to the 108Q, 43E/
44R and 103P, R, S residues mentioned above, the Nano-
bodies of the invention can contain, at one or more positions
that in a conventional V, domain would form (part of) the
V/V, interface, one or more amino acid residues that are
more highly charged than the amino acid residues that
naturally occur at the same position(s) in the corresponding
naturally occurring V,, sequence, and in particular one or
more charged amino acid residues (as mentioned in Table
A-2). Such substitutions include, but are not limited to, the
GLEW-like sequences mentioned in Table A-3 below; as
well as the substitutions that are described in the Interna-
tional Application WO 00/29004 for so-called “microbod-
ies”, e.g. so as to obtain a Nanobody with Q at position 108
in combination with KLEW at positions 44-47. Other pos-
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sible substitutions at these positions will be clear to the
skilled person based upon the disclosure herein.

In one embodiment of the Nanobodies of the invention,
the amino acid residue at position 83 is chosen from the
group consisting of L, M, S, V and W; and is preferably L.

Also, in one embodiment of the Nanobodies of the
invention, the amino acid residue at position 83 is chosen
from the group consisting of R, K, N, E, G, I, T and Q; and
is most preferably either K or E (for Nanobodies corre-
sponding to naturally occurring V,,; domains) or R (for
“humanized” Nanobodies, as described herein). The amino
acid residue at position 84 is chosen from the group con-
sisting of P, A, R, S, D T, and V in one embodiment, and is
most preferably P (for Nanobodies corresponding to natu-
rally occurring V;; domains) or R (for “humanized” Nano-
bodies, as described herein).

Furthermore, in one embodiment of the Nanobodies of the
invention, the amino acid residue at position 104 is chosen
from the group consisting of G and D; and is most preferably
G.

Collectively, the amino acid residues at positions 11, 37,
44, 45, 47, 83, 84, 103, 104 and 108, which in the Nano-
bodies are as mentioned above, will also be referred to
herein as the “Hallmark Residues”. The Hallmark Residues
and the amino acid residues at the corresponding positions
of the most closely related human V, domain, V3, are
summarized in Table A-3.

Some especially preferred but non-limiting combinations
of these Hallmark Residues as occur in naturally occurring
V z7zr domains are mentioned in Table A-4. For comparison,
the corresponding amino acid residues of the human V3
called DP-47 have been indicated in italics.

TABLE A-3

Hallmark Residues in Nanobodies

Position ~ Human V3 Hallmark Residues
11 L, V; predominantly L. L, M, S, V, W; preferably L
37 V, I, F; usually V F®,Y, H, I, L or V, preferably FV
orY
44® G G?, E® A, D,Q,R,S,L;
preferably G2, E® or Q;
most preferably G® or E®
45® L L@ R® CLLPQYV;
preferably L@ or R®®
47® Ww,Y W, LD or FO A G I, M,R, S,V
or Y; preferably W, L™, F or R
83 R or K; usually R R, KO, N,E®, G, I,M, QorT;
preferably K or R; most preferably K
84 A, T, D; PO, A, L, R, S, T, D, V; preferably P
predominantly A
103 W W, PO RO, §; preferably W
104 G G or D; preferably G
108 L,MorT; Q, LY or R; preferably Q or L

predominantly L

Notes:
a) In particular, but not exclusively, in combination with KERE or KQRE at positions
43-46

b) Usﬁally as GLEW at positions 44-47.

¢) Usually as KERE or KQRE at positions 43-46, e.g. as KEREL, KEREF, KQREL,
KQREF or KEREG at positions 43-47. Alternatively, also sequences such as TERE (for
example TEREL), KECE (for example KECEL or KECER), RERE (for example REREG),
QERE (for example QEREG), KGRE (for example KGREG), KDRE (for example
KDREV) are possible. Some other possible, but less preferred sequences include for
example DECKL and NVCEL.

d) With both GLEW at positions 44-47 and KERE or KQRE at positions 43-46.

¢) Often as KP or EP at positions 83-84 of naturally occurring Vg domains.

) In particular, but not exclusively, in combination with GLEW at positions 44-47.

g) With the proviso that when positions 44-47 are GLEW, position 108 in (non-humanized)
VHH sequences that also contain a W at 103.

h) The GLEW group also contains GLEW-like sequences at positions 44-47, such as for
example GVEW, EPEW, GLER, DQEW, DLEW, GIEW, ELEW, GPEW, EWLP, GPER,
GLER and ELEW.
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Some preferred but non-limiting combinations of Hallmark Residues in naturally occurring Nanobodies.
For humanization of these combinations, reference is made to the specification.

11 37 44 45 47 83 84 103 104 108
DP-47 (human) M V G L W R A W G L
“KERE” group L F E R L K P W G Q
L F E R F E P W G Q
L F E R F K P W G Q
L Y Q R L K P W G Q
L F L R V K P Q G Q
L F Q R L K P \ G Q
L F E R F K P W G Q
“GLEW” group L VvV G L W K 8 W G Q
M V 6 L W K P R G Q

In the Nanobodies, each amino acid residue at any other
position than the Hallmark Residues can be any amino acid
residue that naturally occurs at the corresponding position
(according to the Kabat numbering) of a naturally occurring
V z7zr domain.

Such amino acid residues will be clear to the skilled
person. Tables A-5-A-8 mention some non-limiting residues
that can be present at each position (according to the Kabat
numbering) of the FR1, FR2, FR3 and FR4 of naturally
occurring V,,; domains. For each position, the amino acid
residue that most frequently occurs at each position of a
naturally occurring V,,, domain (and which is the most
preferred amino acid residue for said position in a Nano-
body) is indicated in bold; and other preferred amino acid
residues for each position have been underlined (note: the
number of amino acid residues that are found at positions
26-30 of naturally occurring V,,;, domains supports the
hypothesis underlying the numbering by Chothia (supra)
that the residues at these positions already form part of
CDR1.)

In Tables A-5-A-8, some of the non-limiting residues that
can be present at each position of a human V3 domain have
also been mentioned. Again, for each position, the amino
acid residue that most frequently occurs at each position of
a naturally occurring human V3 domain is indicated in
bold; and other preferred amino acid residues have been
underlined.

For reference only, Tables A-5 to A-8 also contain data on
the V,; entropy (“V; Ent.”) and Vg, variability (“V,,
Var.”) at each amino acid position for a representative
sample of 1118 V,,, sequences (data kindly provided by
David Lutje Hulsing and Prof. Theo Verrips of Utrecht
University). The values for the V,,; entropy and the V,,,
variability provide a measure for the variability and degree
of conservation of amino acid residues between the 1118
V zzr sequences analyzed: low values (i.e. <1, such as <0.5)
indicate that an amino acid residue is highly conserved
between the V., sequences (i.e. little variability). For
example, the G at position 8 and the G at position 9 have
values for the V,,, entropy of 0.1 and O respectively,
indicating that these residues are highly conserved and have
little variability (and in case of position 9 is G in all 1118
sequences analysed), whereas for residues that form part of
the CDR’s generally values of 1.5 or more are found (data
not shown). Note that (1) the amino acid residues listed in
the second column of Tables A-5-A-8 are based on a bigger
sample than the 1118 V,;, sequences that were analysed for
determining the V ,, entropy and V ,, variability referred to
in the last two columns; and (2) the data represented below
support the hypothesis that the amino acid residues at
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positions 27-30 and maybe even also at positions 93 and 94
already form part of the CDR’s (although the invention is
not limited to any specific hypothesis or explanation, and as
mentioned above, herein the numbering according to Kabat
is used). For a general explanation of sequence entropy,
sequence variability and the methodology for determining
the same, see Oliveira et al.,, PROTEINS: Structure, Func-
tion and Genetics, 52: 544-552 (2003).

TABLE A-5

Non-limiting examples of amino acid residues in FR1 (for the
footnotes, see the footnotes to Table A-3)

Amino acid residue(s): Vi
Position Human Vg3 Camelid Vz's Vi Ent. Var.
1 E, Q QA E — —
2 v v 0.2 1
3 Q Q. K 0.3 2
4 L L 0.1 1
5 V,L QELV 0.8 3
6 E E,D,Q A 0.8 4
7 S, T S, F 0.3 2
8 G, R G 0.1 1
9 G G 0 1
10 G,V G,D, R 0.3 2
11 Hallmark residue: L, M, S, 0.8 2
V, W, preferably L
12 v, 1 V. A 0.2 2
13 Q, K, R Q. E K, PR 0.4 4
14 P A, QA GPS TV 1 5
15 G G,D 0 1
16 G, R G,AE, D 0.4 3
17 S S, F 0.5 2
18 L LV 0.1 1
19 R, K R, K, LN, ST 0.6 4
20 L LFLV 0.5 4
21 S S,A,FT 0.2 3
22 C C 0 1
23 A, T A,D,E,PS, T,V 1.3 5
24 A ALLS TV 1 6
25 S S,A,EPT 0.5 5
26 G G,A,D,E,R, S, TV 0.7 7
27 F S,F,R L, PG, N, 2.3 13
28 T N, TE D,S, LR A, 1.7 11
G, R FEY
29 F.V FL D,S, LG VA 1.9 11
30 S,D, G N,S,E,G,A,D,M, T 1.8 11
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TABLE A-8

Non-limiting examples of amino acid residues in FR2 (for the

footnotes, see the footnotes to Table A-3)

footnotes, see the footnotes to Table A-3)

Non-limiting examples of amino acid residues in FR4 (for the

Amino acid residue(s): Vi Vi Amino acid residue(s): Ve
Position Human V3 Camelid Vs Ent. Var. Position  Human Vg3 Camelid Vi's Vi Ent. Var.
103 Hallmark residue: W, p®, 0.4 2
36 w limark W'd N 0.1 1 R®, S; preferably W
37 Hallmark residue: F ’IH’ LL 11 6 10 104 Hallmark residue: G or 0.1 1
Y or V, preferably F© or Y D; preferably G
33 R R 0.2 1 105 QR Q,E,K,P, R 0.6 4
39 Q Q H, PR 0.3 2 106 G G 0.1 1
40 A A FGLPTV 0.9 7 107 T T, A, I 03 2
41 P, S, T PA LS 0.4 3 108 Hallmark residue: Q, L or R; 04 3
42 G G,E 0.2 ) 15 preferably Q or L
43 K K,D,E,N,Q R T,V 07 6 i?g ¥ ¥ A 8-; }
44 Hallmark residue: G2, E®, A, D, Q, R, 1.3 5 11 v VoAl 03 5
S, L; preferably G2, E® or Q; 112 s s ,F ? 0:3 1
most preferably G® or E®, 113 S S: A, LB T 0.4 3
45 Hallmark residue: L?, R®, C, I, L, 0.6 4
P, Q, V; preferably L@ or R® 20
46 E,V E,D,K,QV 0.4 2 Thus, in another preferred, but not limiting aspect, a
47 Hallmark residue: W, L® or 1.9 9 Nanobody of the invention can have the structure
FOA G LM R, S, Vor Y, preferably FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4
W LY, FPor R in which FR1 to FR4 refer to framework regions 1 to 4,
.y Ve 2 s ively, and in which CDR1 to CDR3 refer to th
49 S, A G AS GT,V 08 3 respectively, an m w }c. : to refer tg the
complementarity determining regions 1 to 3, respectively,
and in which:
a) the Hallmark residues are as defined herein;
TABLE A-7 30 and in which:
Non-limiting examples of amino acid residues in FR3 (for the b) CDR1, CDR2 and CDR3 ar? as defined herein, and are
footnotes, see the footnotes to Table A-3) preferably as defined according to one of the preferred
] A resid embodiments herein, and are more preferably as defined
Amino acid residue(s): Vem according to one of the more preferred embodiments

Position Human V53  Camelid Vgg's

R R

F F,L,V

T T,A,N, S

I LL MV

S S,AET

R R, G HLLKQSTW

D, E D,E, G, N,V

N.D. G N,A,D,F,LK,L,R, S,
TV,Y

AS A D,G,N,PS, TV

K K,AE K, L, N, Q R

N, S N,D,K, R S, T, Y

S, T,1 T,A,E,LM,P,S

L A V,LLA,F,G LM

Y, H Y,A,D,F,ILN,S, T

L L,FV

Q QELLRT

M MLLV

N, G N,D,G, IS, T

S S,N,D,G, R, T

L v

Hallmark residue: R, K&, N, E®, G, I, M,
Q or T; preferably K or R; most preferably K
Hallmark residue: P, A, D, L, R, S, T, V;
preferably P

E G E,D, G, Q

D D

T, M T,A, S

A A G, S

V,L V,A,D,LL,M,N,R, T

Y Y, F

Y, H Y,D,F,HL, STV

C C

AKT AN, G IKNRS,
TV,Y

K R, T A V,CFG LK LR,

SorT

VHH

amino acid sequences, in which:

Ent. Var 35 herein.
In another preferred, but not limiting aspect, a Nanobody
1 1 . :
1 1 of the invention can have the structure
5 4 FR1-CDRI1-FR2-CDR2-FR3-CDR3-FR4
4 4 in which FR1 to FR4 refer to framework regions 1 to 4,
g g 40 respectively, and in which CDR1 to CDR3 refer to the
s 4 complementarity determining regions 1 to 3, respectively,
2 9 and in which:
; and in which
9 6 a) FR1 is chosen from the group consisting of the amino acid
9 6 4 sequence:
8 5
2 5
7
1 1 [SEQ ID NO:
6 5 [1] QVOLOESGGGKVQAGGSLRLSCAASG [26]
2 250 - . .
3 4 or from the group consisting of amino acid sequences that
6 have at least 80%, preferably at least 90%, more prefer-
é § ably at least 95%, even more preferably at least 99%
sequence identity (as defined herein) with the above
7 6 55 amino acid sequence; in which
1) any amino acid substitution at any position other than
5 3 s . .
1 a Hallmark position is preferably either a conservative
5 3 amino acid substitution (as defined herein) and/or an
3 2 amino acid substitution as defined in Table A-5; and/or
4 6 .. . R R .
, 60 1ii) said amino acid sequence preferably only contains
6 4 amino acid substitutions, and no amino acid deletions
1 or insertions, compared to the above amino acid
4 10 sequence(s);
p and/or from the group consisting of amino acid
65 sequences that have 3, 2 or only 1 “amino acid differ-

ence(s)” (as defined herein) with one of the above
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i) any amino acid substitution at any position other than
a Hallmark position is preferably either a conservative
amino acid substitution (as defined herein) and/or an
amino acid substitution as defined in Table A-5; and/or
il) said amino acid sequence preferably only contains
amino acid substitutions, and no amino acid deletions
or insertions, compared to the above amino acid
sequence(s);
and in which:
b) FR2 is chosen from the group consisting of the amino acid
sequence:

[SEQ ID NO: 2]
[36] WXRQAPGKXXEXVA [49]

or from the group consisting of amino acid sequences that

have at least 80%, preferably at least 90%, more prefer-

ably at least 95%, even more preferably at least 99%

sequence identity (as defined herein) with the above

amino acid sequence; in which

i) any amino acid substitution at any position other than
a Hallmark position is preferably either a conservative
amino acid substitution (as defined herein) and/or an
amino acid substitution as defined in Table A-6; and/or

il) said amino acid sequence preferably only contains
amino acid substitutions, and no amino acid deletions
or insertions, compared to the above amino acid
sequence(s);

and/or from the group consisting of amino acid sequences

that have 3, 2 or only 1 “amino acid difference(s)” (as

defined herein) with one of the above amino acid
sequences, in which:

i) any amino acid substitution at any position other than
a Hallmark position is preferably either a conservative
amino acid substitution (as defined herein) and/or an
amino acid substitution as defined in Table A-6; and/or

il) said amino acid sequence preferably only contains
amino acid substitutions, and no amino acid deletions
or insertions, compared to the above amino acid
sequence(s);

and in which:
¢) FR3 is chosen from the group consisting of the amino acid
sequence:

[SEQ ID NO: 3]
[66] RFTISRDNAKNTVYLQMNSLXXEDTAVYYCAA [94]

or from the group consisting of amino acid sequences that

have at least 80%, preferably at least 90%, more prefer-

ably at least 95%, even more preferably at least 99%

sequence identity (as defined herein) with the above

amino acid sequence; in which

i) any amino acid substitution at any position other than
a Hallmark position is preferably either a conservative
amino acid substitution (as defined herein) and/or an
amino acid substitution as defined in Table A-7; and/or

il) said amino acid sequence preferably only contains
amino acid substitutions, and no amino acid deletions
or insertions, compared to the above amino acid
sequence(s);

and/or from the group consisting of amino acid sequences

that have 3, 2 or only 1 “amino acid difference(s)” (as

defined herein) with one of the above amino acid

sequences, in which:

i) any amino acid substitution at any position other than
a Hallmark position is preferably either a conservative
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amino acid substitution (as defined herein) and/or an
amino acid substitution as defined in Table A-7; and/or
ii) said amino acid sequence preferably only contains
amino acid substitutions, and no amino acid deletions
or insertions, compared to the above amino acid
sequence(s);
and in which:
d) FR4 is chosen from the group consisting of the amino acid
sequence:

[SEQ ID NO: 4]
[103] XXQGTXVTVSS [113]

or from the group consisting of amino acid sequences that

have at least 80%, preferably at least 90%, more prefer-

ably at least 95%, even more preferably at least 99%

sequence identity (as defined herein) with the above
amino acid sequence; in which

1) any amino acid substitution at any position other than
a Hallmark position is preferably either a conservative
amino acid substitution (as defined herein) and/or an
amino acid substitution as defined in Table A-8; and/or

ii) said amino acid sequence preferably only contains
amino acid substitutions, and no amino acid deletions
or insertions, compared to the above amino acid
sequence(s);

and/or from the group consisting of amino acid sequences

that have 3, 2 or only 1 “amino acid difference(s)” (as
defined herein) with one of the above amino acid
sequences, in which:

1) any amino acid substitution at any position other than
a Hallmark position is preferably either a conservative
amino acid substitution (as defined herein) and/or an
amino acid substitution as defined in Table A-8; and/or

ii) said amino acid sequence preferably only contains
amino acid substitutions, and no amino acid deletions
or insertions, compared to the above amino acid
sequence(s);

and in which:

e) CDR1, CDR2 and CDR3 are as defined herein, and are
preferably as defined according to one of the preferred
embodiments herein, and are more preferably as defined
according to one of the more preferred embodiments
herein;

in which the Hallmark Residues are indicated by “X” and are

as defined hereinabove and in which the numbers between

brackets refer to the amino acid positions according to the

Kabat numbering.

In another preferred, but not limiting aspect, a Nanobody

of the invention can have the structure

FR1-CDRI1-FR2-CDR2-FR3-CDR3-FR4

in which FR1 to FR4 refer to framework regions 1 to 4,

respectively, and in which CDR1 to CDR3 refer to the

complementarity determining regions 1 to 3, respectively,
and in which:

a) FR1 is chosen from the group consisting of the amino acid
sequence:

[SEQ ID NO: 5]
[1] QVQLQESGGCLVQAGGSLRLSCAASG [26]

or from the group consisting of amino acid sequences that
have at least 80%, preferably at least 90%, more prefer-
ably at least 95%, even more preferably at least 99%
sequence identity (as defined herein) with the above
amino acid sequence; in which
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i) any amino acid substitution at any position other than
a Hallmark position is preferably either a conservative
amino acid substitution (as defined herein) and/or an
amino acid substitution as defined in Table A-5; and/or

il) said amino acid sequence preferably only contains
amino acid substitutions, and no amino acid deletions
or insertions, compared to the above amino acid
sequence(s); and

iii) the Hallmark residue at position is as indicated in the
sequence above;

and/or from the group consisting of amino acid sequences

that have 3, 2 or only 1 “amino acid difference(s)” (as

defined herein) with one of the above amino acid
sequences, in which:

i) any amino acid substitution at any position other than
a Hallmark position is preferably either a conservative
amino acid substitution (as defined herein) and/or an
amino acid substitution as defined in Table A-5; and/or

il) said amino acid sequence preferably only contains
amino acid substitutions, and no amino acid deletions
or insertions, compared to the above amino acid
sequence(s); and

iii) the Hallmark residue at position is as indicated in the
sequence above;

and in which:
b) FR2 is chosen from the group consisting of the amino acid
sequences:

[SEQ ID NO: 6]
[36] WFRQAPGKERELVA [49]
[SEQ ID NO: 7]
[36] WFRQAPGKEREFVA [49]
[SEQ ID NO: 8]
[36] WFRQAPGKEREGA [49]
[SEQ ID NO: 9]
[36] WFRQAPGKQRELVA [49]
[SEQ ID NO:
WFRQAPGKQREFVA [49]

10]
[36

[SEQ ID NO: 11]

[36] WYRQAPGKGLEWA [49]

or from the group consisting of amino acid sequences that

have at least 80%, preferably at least 90%, more prefer-

ably at least 95%, even more preferably at least 99%

sequence identity (as defined herein) with one of the

above amino acid sequences; in which

i) any amino acid substitution at any position other than
a Hallmark position is preferably either a conservative
amino acid substitution (as defined herein) and/or an
amino acid substitution as defined in Table A-6; and/or

il) said amino acid sequence preferably only contains
amino acid substitutions, and no amino acid deletions
or insertions, compared to the above amino acid
sequence(s); and

iii) the Hallmark residues at positions 37, 44, 45 and 47
are as indicated in each of the sequences above;

and/or from the group consisting of amino acid sequences

that have 3, 2 or only 1 “amino acid difference(s)” (as
defined herein) with one of the above amino acid
sequences, in which:

i) any amino acid substitution at any position other than
a Hallmark position is preferably either a conservative
amino acid substitution (as defined herein) and/or an
amino acid substitution as defined in Table A-6; and/or
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ii) said amino acid sequence preferably only contains
amino acid substitutions, and no amino acid deletions
or insertions, compared to the above amino acid
sequence(s); and

iii) the Hallmark residues at positions 37, 44, 45 and 47
are as indicated in each of the sequences above;

and in which:
¢) FR3 is chosen from the group consisting of the amino acid
sequence:

[SEQ ID NO:
[66] RFTISRDNAKNTVYLQOMNSLKPEDTAVYYCAA [94]

12]

or from the group consisting of amino acid sequences that

have at least 80%, preferably at least 90%, more prefer-

ably at least 95%, even more preferably at least 99%

sequence identity (as defined herein) with the above

amino acid sequence; in which

1) any amino acid substitution at any position other than
a Hallmark position is preferably either a conservative
amino acid substitution (as defined herein) and/or an
amino acid substitution as defined in Table A-7; and/or

ii) said amino acid sequence preferably only contains
amino acid substitutions, and no amino acid deletions
or insertions, compared to the above amino acid
sequence(s); and

iii) the Hallmark residues at positions 83 and 84 are as
indicated in each of the sequences above;

and/or from the group consisting of amino acid sequences

that have 3, 2 or only 1 “amino acid difference(s)” (as

defined herein) with one of the above amino acid
sequences, in which:

1) any amino acid substitution at any position other than
a Hallmark position is preferably either a conservative
amino acid substitution (as defined herein) and/or an
amino acid substitution as defined in Table A-7; and/or

ii) said amino acid sequence preferably only contains
amino acid substitutions, and no amino acid deletions
or insertions, compared to the above amino acid
sequence(s); and

iii) the Hallmark residues at positions 83 and 84 are as
indicated in each of the sequences above;

and in which:

d) FR4 is chosen from the group consisting of the amino acid
sequences:

[SEQ ID NO: 13]

[103] WGQGTQVTVSS [113]

[SEQ ID NO: 14]

[103] WGQGTLVTVSS [113]

or from the group consisting of amino acid sequences that

have at least 80%, preferably at least 90%, more prefer-

ably at least 95%, even more preferably at least 99%

sequence identity (as defined herein) with one of the

above amino acid sequence; in which

1) any amino acid substitution at any position other than
a Hallmark position is preferably either a conservative
amino acid substitution (as defined herein) and/or an
amino acid substitution as defined in Table A-8; and/or

ii) said amino acid sequence preferably only contains
amino acid substitutions, and no amino acid deletions
or insertions, compared to the above amino acid
sequence(s); and

iii) the Hallmark residues at positions 103, 104 and 108
are as indicated in each of the sequences above;
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and/or from the group consisting of amino acid sequences

that have 3, 2 or only 1 “amino acid difference(s)” (as
defined herein) with one of the above amino acid
sequences, in which:

i) any amino acid substitution at any position other than
a Hallmark position is preferably either a conservative
amino acid substitution (as defined herein) and/or an
amino acid substitution as defined in Table A-8; and/or

il) said amino acid sequence preferably only contains
amino acid substitutions, and no amino acid deletions
or insertions, compared to the above amino acid
sequence(s); and

iii) the Hallmark residues at positions 103, 104 and 108
are as indicated in each of the sequences above;

and in which:

e) CDR1, CDR2 and CDR3 are as defined herein, and are
preferably as defined according to one of the preferred
embodiments herein, and are more preferably as defined
according to one of the more preferred embodiments
herein.

In another preferred, but not limiting aspect, a Nanobody

of the invention can have the structure

FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4

in which FR1 to FR4 refer to framework regions 1 to 4,

respectively, and in which CDR1 to CDR3 refer to the

complementarity determining regions 1 to 3, respectively,
and in which: and in which

a) FR1 is chosen from the group consisting of the amino acid
sequence:

[SEQ ID NO:
[1] QVQLQESGGGLVQAGGSLRLSCAASG [26]

5]

and/or from the group consisting of amino acid sequences

that have 3, 2 or only 1 “amino acid difference(s)” (as

defined herein) with one of the above amino acid
sequences, in which:

i) any amino acid substitution at any position other than
a Hallmark position is preferably either a conservative
amino acid substitution (as defined herein) and/or an
amino acid substitution as defined in Table A-5; and/or

il) said amino acid sequence preferably only contains
amino acid substitutions, and no amino acid deletions
or insertions, compared to the above amino acid
sequence(s); and

iii) the Hallmark residue at position is as indicated in the
sequence above;

and in which:

b) FR2 is chosen from the group consisting of the amino acid
sequences:

[SEQ ID NO: 6]
[36] WFRQAPGKERELVA [49]

[SEQ ID NO: 7]
[36] WFRQAPGKEREFVA [49]

[SEQ ID NO: 8]
[36] WFRQAPGKEREGA [49]

[SEQ ID NO: 9]
[36] WFRQAPGKQRELVA [49]

[SEQ ID NO: 10]

[36] WFRQAPGKQREFVA [49]

and/or from the group consisting of amino acid sequences
that have 2 or only 1 “amino acid difference(s)” (as
defined herein) with one of the above amino acid
sequences, in which:

68

1) any amino acid substitution at any position other than
a Hallmark position is preferably either a conservative
amino acid substitution (as defined herein) and/or an
amino acid substitution as defined in Table A-6; and/or
5 ii) said amino acid sequence preferably only contains
amino acid substitutions, and no amino acid deletions
or insertions, compared to the above amino acid
sequence(s); and
iii) the Hallmark residues at positions 37, 44, 45 and 47
are as indicated in each of the sequences above;
and in which:
¢) FR3 is chosen from the group consisting of the amino acid
sequence:

15 [SEQ ID NO:

[66] RFTISRDNAKNTVYLQOMNSLKPEDTAVYYCAA [94]

12]

and/or from the group consisting of amino acid sequences
that have 3, 2 or only 1 “amino acid difference(s)” (as
defined herein) with one of the above amino acid
sequences, in which:
1) any amino acid substitution at any position other than
a Hallmark position is preferably either a conservative
amino acid substitution (as defined herein) and/or an
amino acid substitution as defined in Table A-7; and/or
ii) said amino acid sequence preferably only contains
amino acid substitutions, and no amino acid deletions
or insertions, compared to the above amino acid
sequence(s); and
iii) the Hallmark residues at positions 83 and 84 are as
indicated in each of the sequences above;
and in which:
d) FR4 is chosen from the group consisting of the amino acid
sequences:
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[SEQ ID NO: 13]

[103] WGQGTQVTVSS [113]

[SEQ ID NO: 14]

[103] WGQGTLVTVSS [113]
40

and/or from the group consisting of amino acid sequences

that have 3, 2 or only 1 “amino acid difference(s)” (as
defined herein) with one of the above amino acid
sequences, in which:

1) any amino acid substitution at any position other than
a Hallmark position is preferably either a conservative
amino acid substitution (as defined herein) and/or an
amino acid substitution as defined in Table A-8; and/or

ii) said amino acid sequence preferably only contains
amino acid substitutions, and no amino acid deletions
or insertions, compared to the above amino acid
sequence(s); and

iii) the Hallmark residues at positions 103, 104 and 108
are as indicated in each of the sequences above;

and in which:

e) CDR1, CDR2 and CDR3 are as defined herein, and are
preferably as defined according to one of the preferred
embodiments herein, and are more preferably as defined
according to one of the more preferred embodiments
herein.

In another preferred, but not limiting aspect, a Nanobody

of the invention can have the structure

FR1-CDRI1-FR2-CDR2-FR3-CDR3-FR4

in which FR1 to FR4 refer to framework regions 1 to 4,

respectively, and in which CDR1 to CDR3 refer to the
complementarity determining regions 1 to 3, respectively,
and in which:
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a) FR1 is chosen from the group consisting of the amino acid
sequence:

[SEQ ID NO: 5]
[1] QVQLQESGGCLVQAGGSLRLSCAASG [26]

and/or from the group consisting of amino acid sequences
that have 3, 2 or only 1 “amino acid difference(s)” (as
defined herein) with one of the above amino acid
sequences, in which:
i) any amino acid substitution at any position other than
a Hallmark position is preferably either a conservative
amino acid substitution (as defined herein) and/or an
amino acid substitution as defined in Table A-5; and/or
il) said amino acid sequence preferably only contains
amino acid substitutions, and no amino acid deletions
or insertions, compared to the above amino acid
sequence(s); and
iii) the Hallmark residue at position is as indicated in the
sequence above;
and in which:
b) FR2 is chosen from the group consisting of the amino acid
sequence:

[SEQ ID NO: 11]

[36] WYRQAPGKGLEWA [49]

and/or from the group consisting of amino acid sequences
that have 2 or only 1 “amino acid difference(s)” (as
defined herein) with one of the above amino acid
sequences, in which:
i) any amino acid substitution at any position other than
a Hallmark position is preferably either a conservative
amino acid substitution (as defined herein) and/or an
amino acid substitution as defined in Table A-6; and/or
il) said amino acid sequence preferably only contains
amino acid substitutions, and no amino acid deletions
or insertions, compared to the above amino acid
sequence(s); and
iii) the Hallmark residues at positions 37, 44, 45 and 47
are as indicated in each of the sequences above;
and in which:
¢) FR3 is chosen from the group consisting of the amino acid
sequence:

[SEQ ID NO:
[66] RFTISRDNAKNTVYLQOMNSLKPEDTAVYYCAA [94]

12]

and/or from the group consisting of amino acid sequences
that have 3, 2 or only 1 “amino acid difference(s)” (as
defined herein) with one of the above amino acid
sequences, in which:
i) any amino acid substitution at any position other than
a Hallmark position is preferably either a conservative
amino acid substitution (as defined herein) and/or an
amino acid substitution as defined in Table A-7; and/or
il) said amino acid sequence preferably only contains
amino acid substitutions, and no amino acid deletions
or insertions, compared to the above amino acid
sequence(s); and
iii) the Hallmark residues at positions 83 and 84 are as
indicated in each of the sequences above;
and in which:
d) FR4 is chosen from the group consisting of the amino acid
sequence:
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[SEQ ID NO: 13]

[103] WGQGTQVTVSS [113]

and/or from the group consisting of amino acid sequences

that have 3, 2 or only 1 “amino acid difference(s)” (as

defined herein) with one of the above amino acid
sequences, in which:

1) any amino acid substitution at any position other than

a Hallmark position is preferably either a conservative
amino acid substitution (as defined herein) and/or an
amino acid substitution as defined in Table A-8; and/or

ii) said amino acid sequence preferably only contains

amino acid substitutions, and no amino acid deletions
or insertions, compared to the above amino acid
sequence(s); and

iii) the Hallmark residues at positions 103, 104 and 108

are as indicated in each of the sequences above;

and in which:

e) CDR1, CDR2 and CDR3 are as defined herein, and are
preferably as defined according to one of the preferred
embodiments herein, and are more preferably as defined
according to one of the more preferred embodiments
herein.

Some other framework sequences that can be present in
the Nanobodies of the invention can be found in the Euro-
pean patent EP 656 946 mentioned above (see for example
also the granted U.S. Pat. No. 5,759,808),

In another preferred, but not limiting aspect, a Nanobody
of the invention can have the structure

FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4

in which FR1 to FR4 refer to framework regions 1 to 4,
respectively, and in which CDR1 to CDR3 refer to the
complementarity determining regions 1 to 3, respectively,
and in which:

and in which
a) FR1 is chosen from the group consisting of the amino acid

sequences of SEQ ID NO’s: 42-92, or from the group

consisting of amino acid sequences that have at least 80%,

preferably at least 90%, more preferably at least 95%,

even more preferably at least 99% sequence identity (as

defined herein) with at least one of said FR1 sequences;
in which

1) any amino acid substitution at any position other than

a Hallmark position is preferably either a conservative
amino acid substitution (as defined herein) and/or an
amino acid substitution as defined in Table A-5; and/or

ii) said amino acid sequence preferably only contains

amino acid substitutions, and no amino acid deletions
or insertions, compared to said FR1 sequence; and

iii) the Hallmark residue at position is as indicated in said

FR1 sequence;

and/or from the group consisting of amino acid sequences

that have 3, 2 or only 1 “amino acid difference(s)” (as

defined herein) with at least one of said FR1 sequences,
in which:

1) any amino acid substitution at any position other than

a Hallmark position is preferably either a conservative
amino acid substitution (as defined herein) and/or an
amino acid substitution as defined in Table A-5; and/or

ii) said amino acid sequence preferably only contains

amino acid substitutions, and no amino acid deletions
or insertions, compared to said FR1 sequence; and

iii) the Hallmark residue at position is as indicated in said

FR1 sequence;
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and in which:

b) FR2 is chosen from the group consisting of the amino acid

sequences of SEQ ID NO’s: 144-194,

or from the group consisting of amino acid sequences that

have at least 80%, preferably at least 90%, more prefer-

ably at least 95%, even more preferably at least 99%

sequence identity (as defined herein) with at least one of

said FR2 sequences; in which

i) any amino acid substitution at any position other than
a Hallmark position is preferably either a conservative
amino acid substitution (as defined herein) and/or an
amino acid substitution as defined in Table A-6; and/or

il) said amino acid sequence preferably only contains
amino acid substitutions, and no amino acid deletions
or insertions, compared to said FR2 sequence; and

iii) the Hallmark residues at positions 37, 44, 45 and 47 are
as indicated in said FR2 sequence;

and/or from the group consisting of amino acid sequences

that have 3, 2 or only 1 “amino acid difference(s)” (as

defined herein) with at least one of said FR2 sequences,
in which:

i) any amino acid substitution at any position other than
a Hallmark position is preferably either a conservative
amino acid substitution (as defined herein) and/or an
amino acid substitution as defined in Table A-6; and/or

il) said amino acid sequence preferably only contains
amino acid substitutions, and no amino acid deletions
or insertions, compared to said FR2 sequence; and

iii) the Hallmark residues at positions 37, 44, 45 and 47
are as indicated in said FR2 sequence;

and in which:
¢) FR3 is chosen from the group consisting of the amino acid
sequences of SEQ ID NO’s: 246-296, or from the group

consisting of amino acid sequences that have at least 80%,

preferably at least 90%, more preferably at least 95%,

even more preferably at least 99% sequence identity (as

defined herein) with at least one of said FR3 sequences;
in which

i) any amino acid substitution at any position other than
a Hallmark position is preferably either a conservative
amino acid substitution (as defined herein) and/or an
amino acid substitution as defined in Table A-7; and/or

il) said amino acid sequence preferably only contains
amino acid substitutions, and no amino acid deletions
or insertions, compared to said FR3 sequence; and

iii) the Hallmark residues at positions 83 and 84 are as
indicated in said FR3 sequence;

and/or from the group consisting of amino acid sequences

that have 3, 2 or only 1 “amino acid difference(s)” (as

defined herein) with at least one of said FR3 sequences,
in which:

i) any amino acid substitution at any position other than
a Hallmark position is preferably either a conservative
amino acid substitution (as defined herein) and/or an
amino acid substitution as defined in Table A-7; and/or

il) said amino acid sequence preferably only contains
amino acid substitutions, and no amino acid deletions
or insertions, compared to said FR3 sequence; and

iii) the Hallmark residues at positions 83 and 84 are as
indicated in said FR3 sequence;

and in which:
d) FR4 is chosen from the group consisting of the amino acid

sequences of SEQ ID NO’s: 348-398,

or from the group consisting of amino acid sequences that

have at least 80%, preferably at least 90%, more prefer-

ably at least 95%, even more preferably at least 99%
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sequence identity (as defined herein) with at least one of

said FR4 sequences; in which

1) any amino acid substitution at any position other than

a Hallmark position is preferably either a conservative
amino acid substitution (as defined herein) and/or an
amino acid substitution as defined in Table A-8; and/or

ii) said amino acid sequence preferably only contains

amino acid substitutions, and no amino acid deletions
or insertions, compared to said FR4 sequence; and

iii) the Hallmark residues at positions 103, 104 and 108

are as indicated in said FR3 sequence;

and/or from the group consisting of amino acid sequences

that have 3, 2 or only 1 “amino acid difference(s)” (as

defined herein) with at least one of said FR4 sequences,
in which:

1) any amino acid substitution at any position other than

a Hallmark position is preferably either a conservative
amino acid substitution (as defined herein) and/or an
amino acid substitution as defined in Table A-8; and/or

ii) said amino acid sequence preferably only contains

amino acid substitutions, and no amino acid deletions
or insertions, compared to said FR4 sequence; and

iii) the Hallmark residues at positions 103, 104 and 108

are as indicated in said FR4 sequence;

and in which:

e) CDR1, CDR2 and CDR3 are as defined herein, and are
preferably as defined according to one of the preferred
embodiments herein, and are more preferably as defined
according to one of the more preferred embodiments
herein.

Some particularly preferred Nanobodies of the invention
can be chosen from the group consisting of the amino acid
sequences of SEQ ID NO’s: 399-449, or from the group
consisting of amino acid sequences that have at least 80%,
preferably at least 90%, more preferably at least 95%, even
more preferably at least 99% sequence identity (as defined
herein) with at least one of said amino acid sequences; in
which
a) the Hallmark residues can be as indicated in Table A-3

above;

b) any amino acid substitution at any position other than a
Hallmark position is preferably either a conservative
amino acid substitution (as defined herein) and/or an
amino acid substitution as defined in Tables A-5-A-8;
and/or

¢) said amino acid sequence preferably only contains amino
acid substitutions, and no amino acid deletions or inser-
tions, compared to the above amino acid sequence(s).
Some even more particularly preferred Nanobodies of the

invention can be chosen from the group consisting of the

amino acid sequences of SEQ ID NO’s: 399-449, or from
the group consisting of amino acid sequences that have at
least 80%, preferably at least 90%, more preferably at least

95%, even more preferably at least 99% sequence identity

(as defined herein) with at least one of said amino acid

sequences; in which

a) the Hallmark residues are as indicated in the pertinent
sequence from SEQ ID NO’s: 399-449;

b) any amino acid substitution at any position other than a
Hallmark position is preferably either a conservative
amino acid substitution (as defined herein) and/or an
amino acid substitution as defined in Tables A-5-A-8;
and/or

¢) said amino acid sequence preferably only contains amino
acid substitutions, and no amino acid deletions or inser-
tions, compared to the pertinent sequence chosen from
SEQ ID NO’s: 399-449.
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Some of the most preferred Nanobodies of the invention
against the IL-6 receptor can be chosen from the group
consisting of the amino acid sequences of SEQ ID NO’s:
399-449.

Preferably, the CDR sequences and FR sequences in the
Nanobodies of the invention are such that the Nanobody of
the invention binds to the IL-6 receptor, with an affinity
(suitably measured and/or expressed as a K,-value (actual
or apparent), a K -value (actual or apparent), a k_,-rate
and/or a k,-rate, or alternatively as an ICs, value, as further
described herein) that is as defined herein; as well as
compounds and constructs, and in particular proteins and
polypeptides, that comprise at least one such amino acid
sequence.

In particular, amino acid sequences and polypeptides of
the invention are preferably such that they:

bind to IL-6R with a dissociation constant (K,,) of 107 to

107'2 moles/liter or less, and preferably 1077 to 1072
moles/liter or less and more preferably 10~% to 1072
moles/liter (i.e. with an association constant (K,) of
10° to 10** liter/moles or more, and preferably 107 to
10"2 liter/moles or more and more preferably 10® to
10*2 liter/moles);
and/or such that they:
bind to IL-6R with a k_,-rate of between 10> M~'s™! to
about 107 M~'s™!, preferably between 10° M~'s~! and
107 M~'s™!, more preferably between 10* M~'s™" and
107 M~'s7%, such as between 10° M™! s7! and 107
M st
and/or such that they:
bind to IL-6R with a k rate between Is7! (t,,,=0.69 s)
and 107° s! (providing a near irreversible complex
with a t,,, of multiple days), preferably between 1072
s™! and 107% s7*, more preferably between 107> s~ and
1075 571, such as between 10* s~ and 107® s71.

Preferably, a monovalent amino acid sequence of the
invention (or a polypeptide that contains only one amino
acid sequence of the invention) is preferably such that it will
bind to IL-6R with an affinity less than 500 nM, preferably
less than 200 nM, more preferably less than 10 nM, such as
less than 500 pM.

Some preferred IC,, values for binding of the amino acid
sequences or polypeptides of the invention to IL-6R will
become clear from the further description and examples
herein.

According to one non-limiting aspect of the invention, a
Nanobody may be as defined herein, but with the proviso
that it has at least “one amino acid difference” (as defined
herein) in at least one of the framework regions compared to
the corresponding framework region of a naturally occurring
human V,, domain, and in particular compared to the cor-
responding framework region of DP-47. More specifically,
according to one non-limiting aspect of the invention, a
Nanobody may be as defined herein, but with the proviso
that it has at least “one amino acid difference” (as defined
herein) at at least one of the Hallmark residues (including
those at positions 108, 103 and/or 45) compared to the
corresponding framework region of a naturally occurring
human V,, domain, and in particular compared to the cor-
responding framework region of DP-47. Usually, a Nano-
body will have at least one such amino acid difference with
a naturally occurring V,, domain in at least one of FR2
and/or FR4, and in particular at at least one of the Hallmark
residues in FR2 and/or FR4 (again, (including those at
positions 108, 103 and/or 45).

Also, a humanized Nanobody of the invention may be as
defined herein, but with the proviso that it has at least “one
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amino acid difference” (as defined herein) in at least one of
the framework regions compared to the corresponding
framework region of a naturally occurring VHH domain.
More specifically, according to one non-limiting aspect of
the invention, a humanized Nanobody may be as defined
herein, but with the proviso that it has at least “one amino
acid difference” (as defined herein) at at least one of the
Hallmark residues (including those at positions 108, 103
and/or 45) compared to the corresponding framework region
of a naturally occurring VHH domain. Usually, a humanized
Nanobody will have at least one such amino acid difference
with a naturally occurring VHH domain in at least one of
FR2 and/or FR4, and in particular at at least one of the
Hallmark residues in FR2 and/or FR4 (again, including
those at positions 108, 103 and/or 45).

As will be clear from the disclosure herein, it is also
within the scope of the invention to use natural or synthetic
analogs, mutants, variants, alleles, homologs and orthologs
(herein collectively referred to as “analogs™) of the Nano-
bodies of the invention as defined herein, and in particular
analogs of the Nanobodies of SEQ ID NO’s: 399-449. Thus,
according to one embodiment of the invention, the term
“Nanobody of the invention” in its broadest sense also
covers such analogs.

Generally, in such analogs, one or more amino acid
residues may have been replaced, deleted and/or added,
compared to the Nanobodies of the invention as defined
herein. Such substitutions, insertions or deletions may be
made in one or more of the framework regions and/or in one
or more of the CDR’s. When such substitutions, insertions
or deletions are made in one or more of the framework
regions, they may be made at one or more of the Hallmark
residues and/or at one or more of the other positions in the
framework residues, although substitutions, insertions or
deletions at the Hallmark residues are generally less pre-
ferred (unless these are suitable humanizing substitutions as
described herein).

By means of non-limiting examples, a substitution may
for example be a conservative substitution (as described
herein) and/or an amino acid residue may be replaced by
another amino acid residue that naturally occurs at the same
position in another V,,, domain (see Tables A-5-A-8 for
some non-limiting examples of such substitutions), although
the invention is generally not limited thereto. Thus, any one
or more substitutions, deletions or insertions, or any com-
bination thereof, that either improve the properties of the
Nanobody of the invention or that at least do not detract too
much from the desired properties or from the balance or
combination of desired properties of the Nanobody of the
invention (i.e. to the extent that the Nanobody is no longer
suited for its intended use) are included within the scope of
the invention. A skilled person will generally be able to
determine and select suitable substitutions, deletions or
insertions, or suitable combinations of thereof, based on the
disclosure herein and optionally after a limited degree of
routine experimentation, which may for example involve
introducing a limited number of possible substitutions and
determining their influence on the properties of the Nano-
bodies thus obtained.

For example, and depending on the host organism used to
express the Nanobody or polypeptide of the invention, such
deletions and/or substitutions may be designed in such a way
that one or more sites for post-translational modification
(such as one or more glycosylation sites) are removed, as
will be within the ability of the person skilled in the art.
Alternatively, substitutions or insertions may be designed so
as to introduce one or more sites for attachment of functional
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groups (as described herein), for example to allow site-
specific pegylation (again as described herein).

As can be seen from the data on the V ; entropy and V.,
variability given in Tables A-5-A-8 above, some amino acid
residues in the framework regions are more conserved than
others. Generally, although the invention in its broadest
sense is not limited thereto, any substitutions, deletions or
insertions are preferably made at positions that are less
conserved. Also, generally, amino acid substitutions are
preferred over amino acid deletions or insertions.

The analogs are preferably such that they can bind to the
IL-6 receptor, with affinity (suitably measured and/or
expressed as a K,-value (actual or apparent), a K ,-value
(actual or apparent), a k, -rate and/or a k, -rate, or alterna-
tively as an IC;, value, as further described herein) that is as
defined herein; as well as compounds and constructs, and in
particular proteins and polypeptides, that comprise at least
one such amino acid sequence.

In particular, amino acid sequences and polypeptides of
the invention are preferably such that they:

bind to IL-6R with a dissociation constant (K,,) of 107> to

107'2 moles/liter or less, and preferably 1077 to 1072
moles/liter or less and more preferably 10~% to 1072
moles/liter (i.e. with an association constant (K,) of
10° to 10" liter/moles or more, and preferably 107 to
10*2 liter/moles or more and more preferably 10® to
10"2 liter/moles);
and/or such that they:
bind to IL-6R with a k_,-rate of between 10> M~'s™! to
about 10" M~'s™*, preferably between 103 M~ s* and
10" M~'s™', more preferably between 104 M~! s~ and
107 M 57!, such as between 10° M~'s™! and 107
M-is71
and/or such that they:
bind to IL-6R with a k. rate between 1s7! (t,,,=0.69 s)
and 107° s! (providing a near irreversible complex
with a t, , of multiple days), preferably between 1072
s™! and 107% s7*, more preferably between 107> s~ and
107% 57!, such as between 10* s™* and 107% s7*.

Preferably, a monovalent amino acid sequence of the
invention (or a polypeptide that contains only one amino
acid sequence of the invention) is preferably such that it will
bind to IL-6R with an affinity less than 500 nM, preferably
less than 200 nM, more preferably less than 10 nM, such as
less than 500 pM.

Some preferred IC50 values for binding of the amino acid
sequences or polypeptides of the invention to IL-6R will
become clear from the further description and examples
herein.

The analogs are preferably also such that they retain the
favourable properties the Nanobodies, as described herein.

Also, according to one preferred embodiment, the analogs
have a degree of sequence identity of at least 70%, prefer-
ably at least 80%, more preferably at least 90%, such as at
least 95% or 99% or more; and/or preferably have at most
20, preferably at most 10, even more preferably at most 5,
such as 4, 3, 2 or only 1 amino acid difference (as defined
herein), with one of the Nanobodies of SEQ ID NOs
399-449.

Also, the framework sequences and CDR’s of the analogs
are preferably such that they are in accordance with the
preferred embodiments defined herein. More generally, as
described herein, the analogs will have (a) a Q at position
108; and/or (b) a charged amino acid or a cysteine residue
at position 45 and preferably an E at position 44, and more
preferably E at position 44 and R at position 45; and/or (c)
P, R or S at position 103.
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One preferred class of analogs of the Nanobodies of the
invention comprise Nanobodies that have been humanized
(i.e. compared to the sequence of a naturally occurring
Nanobody of the invention). As mentioned in the back-
ground art cited herein, such humanization generally
involves replacing one or more amino acid residues in the
sequence of a naturally occurring V., with the amino acid
residues that occur at the same position in a human V,,
domain, such as a human V3 domain. Examples of possible
humanizing substitutions or combinations of humanizing
substitutions will be clear to the skilled person, for example
from the Tables herein, from the possible humanizing sub-
stitutions mentioned in the background art cited herein,
and/or from a comparision between the sequence of a
Nanobody and the sequence of a naturally occurring human
V,, domain.

The humanizing substitutions should be chosen such that
the resulting humanized Nanobodies still retain the favour-
able properties of Nanobodies as defined herein, and more
preferably such that they are as described for analogs in the
preceding paragraphs. A skilled person will generally be
able to determine and select suitable humanizing substitu-
tions or suitable combinations of humanizing substitutions,
based on the disclosure herein and optionally after a limited
degree of routine experimentation, which may for example
involve introducing a limited number of possible humaniz-
ing substitutions and determining their influence on the
properties of the Nanobodies thus obtained.

Generally, as a result of humanization, the Nanobodies of
the invention may become more “human-like”; while still
retaining the favorable properties of the Nanobodies of the
invention as described herein. As a result, such humanized
Nanobodies may have several advantages, such as a reduced
immunogenicity, compared to the corresponding naturally
occurring V; domains. Again, based on the disclosure
herein and optionally after a limited degree of routine
experimentation, the skilled person will be able to select
humanizing substitutions or suitable combinations of
humanizing substitutions which optimize or achieve a
desired or suitable balance between the favourable proper-
ties provided by the humanizing substitutions on the one
hand and the favourable properties of naturally occurring
V z7zr domains on the other hand.

The Nanobodies of the invention may be suitably human-
ized at any framework residue(s), such as at one or more
Hallmark residues (as defined herein) or at one or more other
framework residues (i.e. non-Hallmark residues) or any
suitable combination thereof. One preferred humanizing
substitution for Nanobodies of the “P,R,S-103 group” or the
“KERE group” is Q108 into [.108. Nanobodies of the
“GLEW class” may also be humanized by a Q108 into [.108
substitution, provided at least one of the other Hallmark
residues contains a camelid (camelizing) substitution (as
defined herein). For example, as mentioned above, one
particularly preferred class of humanized Nanobodies has
GLEW or a GLEW-like sequence at positions 44-47; P, R or
S (and in particular R) at position 103, and an L at position
108.

The humanized and other analogs, and nucleic acid
sequences encoding the same, can be provided in any
manner known per se. For example, the analogs can be
obtained by providing a nucleic acid that encodes a naturally
occurring V; domain, changing the codons for the one or
more amino acid residues that are to be substituted into the
codons for the corresponding desired amino acid residues
(e.g. by site-directed mutagenesis or by PCR using suitable
mismatch primers), expressing the nucleic acid/nucleotide
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sequence thus obtained in a suitable host or expression
system; and optionally isolating and/or purifying the analog
thus obtained to provide said analog in essentially isolated
form (e.g. as further described herein). This can generally be
performed using methods and techniques known per se,
which will be clear to the skilled person, for example from
the handbooks and references cited herein, the background
art cited herein and/or from the further description herein.
Alternatively, a nucleic acid encoding the desired analog can
be synthesized in a manner known per se (for example using
an automated apparatus for synthesizing nucleic acid
sequences with a predefined amino acid sequence) and can
then be expressed as described herein. Yet another technique
may involve combining one or more naturally occurring
and/or synthetic nucleic acid sequences each encoding a part
of the desired analog, and then expressing the combined
nucleic acid sequence as described herein. Also, the analogs
can be provided using chemical synthesis of the pertinent
amino acid sequence using techniques for peptide synthesis
known per se, such as those mentioned herein.

In this respect, it will be also be clear to the skilled person
that the Nanobodies of the invention (including their ana-
logs) can be designed and/or prepared starting from human
V; sequences (i.e. amino acid sequences or the correspond-
ing nucleotide sequences), such as for example from human
V3 sequences such as DP-47, DP-51 or DP-29, i.e. by
introducing one or more camelizing substitutions (i.e.
changing one or more amino acid residues in the amino acid
sequence of said human V, domain into the amino acid
residues that occur at the corresponding position in a Vi,
domain), so as to provide the sequence of a Nanobody of the
invention and/or so as to confer the favourable properties of
a Nanobody to the sequence thus obtained. Again, this can
generally be performed using the various methods and
techniques referred to in the previous paragraph, using an
amino acid sequence and/or nucleotide sequence for a
human V,, domain as a starting point.

Some preferred, but non-limiting camelizing substitutions
can be derived from Tables A-5-A-8. It will also be clear that
camelizing substitutions at one or more of the Hallmark
residues will generally have a greater influence on the
desired properties than substitutions at one or more of the
other amino acid positions, although both and any suitable
combination thereof are included within the scope of the
invention. For example, it is possible to introduce one or
more camelizing substitutions that already confer at least
some the desired properties, and then to introduce further
camelizing substitutions that either further improve said
properties and/or confer additional favourable properties.
Again, the skilled person will generally be able to determine
and select suitable camelizing substitutions or suitable com-
binations of camelizing substitutions, based on the disclo-
sure herein and optionally after a limited degree of routine
experimentation, which may for example involve introduc-
ing a limited number of possible camelizing substitutions
and determining whether the favourable properties of Nano-
bodies are obtained or improved (i.e. compared to the
original V,, domain).

Generally, however, such camelizing substitutions are
preferably such that the resulting an amino acid sequence at
least contains (a) a Q at position 108; and/or (b) a charged
amino acid or a cysteine residue at position 45 and prefer-
ably also an E at position 44, and more preferably E at
position 44 and R at position 45; and/or (¢) P, R or S at
position 103; and optionally one or more further camelizing
substitutions. More preferably, the camelizing substitutions
are such that they result in a Nanobody of the invention
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and/or in an analog thereof (as defined herein), such as in a
humanized analog and/or preferably in an analog that is as
defined in the preceding paragraphs.

As will also be clear from the disclosure herein, it is also
within the scope of the invention to use parts or fragments,
or combinations of two or more parts or fragments, of the
Nanobodies of the invention as defined herein, and in
particular parts or fragments of the Nanobodies of SEQ ID
NO’s 399-449. Thus, according to one embodiment of the
invention, the term “Nanobody of the invention” in its
broadest sense also covers such parts or fragments.

Generally, such parts or fragments of the Nanobodies of
the invention (including analogs thereof) have amino acid
sequences in which, compared to the amino acid sequence of
the corresponding full length Nanobody of the invention (or
analog thereof), one or more of the amino acid residues at
the N-terminal end, one or more amino acid residues at the
C-terminal end, one or more contiguous internal amino acid
residues, or any combination thereof, have been deleted
and/or removed.

The parts or fragments are preferably such that they can
bind to the IL.-6 receptor, with an affinity (suitably measured
and/or expressed as a K,-value (actual or apparent), a
K -value (actual or apparent), a k,,,-rate and/or a k,, -rate, or
alternatively as an IC,, value, as further described herein)
that is as defined herein; as well as compounds and con-
structs, and in particular proteins and polypeptides, that
comprise at least one such amino acid sequence.

In particular, amino acid sequences and polypeptides of
the invention are preferably such that they:

bind to IL-6R with a dissociation constant (K,,) of 107> to

107" moles/liter or less, and preferably 1077 to 1072

moles/liter or less and more preferably 10~% to 107'2

moles/liter (i.e. with an association constant (K,) of

10° to 10'* liter/moles or more, and preferably 107 to

10*2 liter/moles or more and more preferably 10® to
10"2 liter/moles);
and/or such that they:

bind to IL-6R with a k,-rate of between 10> M~'s™" to

about 10” M~'s™*, preferably between 10° M~ s~ and

107 M~ 5%, more preferably between 10* M~ and 107

M~!s7%, such as between 10° M~!s™! and 107 M~!s71;
and/or such that they:

bind to IL-6R with a k- rate between Is™! (t,,,=0.69 s)

and 107% s7! (providing a near irreversible complex
with a t, , of multiple days), preferably between 1072
s~! and 107% 57!, more preferably between 107> s~ and
107* 57!, such as between 107* M~'s™* and 1076 s7".

Preferably, a monovalent amino acid sequence of the
invention (or a polypeptide that contains only one amino
acid sequence of the invention) is preferably such that it will
bind to IL-6R with an affinity less than 500 nM, preferably
less than 200 nM, more preferably less than 10 nM, such as
less than 500 pM.

Some preferred IC50 values for binding of the amino acid
sequences or polypeptides of the invention to IL-6R will
become clear from the further description and examples
herein.

The affinity of the analog against the IL-6 receptor, can be
determined in a manner known per se, for example using the
assay described herein.

Any part or fragment is preferably such that it comprises
at least 10 contiguous amino acid residues, preferably at
least 20 contiguous amino acid residues, more preferably at
least 30 contiguous amino acid residues, such as at least 40
contiguous amino acid residues, of the amino acid sequence
of the corresponding full length Nanobody of the invention.
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Also, any part or fragment is such preferably that it
comprises at least one of CDR1, CDR2 and/or CDR3 or at
least part thereof (and in particular at least CDR3 or at least
part thereof). More preferably, any part or fragment is such
that it comprises at least one of the CDR’s (and preferably
at least CDR3 or part thereof) and at least one other CDR
(i.e. CDR1 or CDR2) or at least part thereof, preferably
connected by suitable framework sequence(s) or at least part
thereof. More preferably, any part or fragment is such that it
comprises at least one of the CDR’s (and preferably at least
CDR3 or part thereof) and at least part of the two remaining
CDR’s, again preferably connected by suitable framework
sequence(s) or at least part thereof.

According to another particularly preferred, but non-
limiting embodiment, such a part or fragment comprises at
least CDR3, such as FR3, CDR3 and FR4 of the correspond-
ing full length Nanobody of the invention, i.e. as for
example described in the International application WO
03/050531 (Lasters et al.).

As already mentioned above, it is also possible to com-
bine two or more of such parts or fragments (i.e. from the
same or different Nanobodies of the invention), i.e. to
provide an analog (as defined herein) and/or to provide
further parts or fragments (as defined herein) of a Nanobody
of the invention. It is for example also possible to combine
one or more parts or fragments of a Nanobody of the
invention with one or more parts or fragments of a human
V,, domain.

According to one preferred embodiment, the parts or
fragments have a degree of sequence identity of at least
50%, preferably at least 60%, more preferably at least 70%,
even more preferably at least 80%, such as at least 90%,
95% or 99% or more with one of the Nanobodies of SEQ ID
NOs: 399-449.

The parts and fragments, and nucleic acid sequences
encoding the same, can be provided and optionally com-
bined in any manner known per se. For example, such parts
or fragments can be obtained by inserting a stop codon in a
nucleic acid that encodes a full-sized Nanobody of the
invention, and then expressing the nucleic acid thus obtained
in a manner known per se (e.g. as described herein). Alter-
natively, nucleic acids encoding such parts or fragments can
be obtained by suitably restricting a nucleic acid that
encodes a full-sized Nanobody of the invention or by
synthesizing such a nucleic acid in a manner known per se.
Parts or fragments may also be provided using techniques
for peptide synthesis known per se.

The invention in its broadest sense also comprises deriva-
tives of the Nanobodies of the invention. Such derivatives
can generally be obtained by modification, and in particular
by chemical and/or biological (e.g enzymatical) modifica-
tion, of the Nanobodies of the invention and/or of one or
more of the amino acid residues that form the Nanobodies of
the invention.

Examples of such modifications, as well as examples of
amino acid residues within the Nanobody sequence that can
be modified in such a manner (i.e. either on the protein
backbone but preferably on a side chain), methods and
techniques that can be used to introduce such modifications
and the potential uses and advantages of such modifications
will be clear to the skilled person.

For example, such a modification may involve the intro-
duction (e.g. by covalent linking or in an other suitable
manner) of one or more functional groups, residues or
moieties into or onto the Nanobody of the invention, and in
particular of one or more functional groups, residues or
moieties that confer one or more desired properties or
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functionalities to the Nanobody of the invention. Example of
such functional groups will be clear to the skilled person.

For example, such modification may comprise the intro-
duction (e.g. by covalent binding or in any other suitable
manner) of one or more functional groups that that increase
the half-life, the solubility and/or the absorption of the
Nanobody of the invention, that reduce the immunogenicity
and/or the toxicity of the Nanobody of the invention, that
eliminate or attenuate any undesirable side effects of the
Nanobody of the invention, and/or that confer other advan-
tageous properties to and/or reduce the undesired properties
of the Nanobodies and/or polypeptides of the invention; or
any combination of two or more of the foregoing. Examples
of such functional groups and of techniques for introducing
them will be clear to the skilled person, and can generally
comprise all functional groups and techniques mentioned in
the general background art cited hereinabove as well as the
functional groups and techniques known per se for the
modification of pharmaceutical proteins, and in particular
for the modification of antibodies or antibody fragments
(including ScFv’s and single domain antibodies), for which
reference is for example made to Remington’s Pharmaceu-
tical Sciences, 16th ed., Mack Publishing Co., Easton, Pa.
(1980). Such functional groups may for example be linked
directly (for example covalently) to a Nanobody of the
invention, or optionally via a suitable linker or spacer, as
will again be clear to the skilled person.

One of the most widely used techniques for increasing the
half-life and/or reducing the immunogenicity of pharmaceu-
tical proteins comprises attachment of a suitable pharmaco-
logically acceptable polymer, such as poly(ethyleneglycol)
(PEG) or derivatives thereof (such as methoxypoly(ethyl-
eneglycol) or mPEG). Generally, any suitable form of pegy-
lation can be used, such as the pegylation used in the art for
antibodies and antibody fragments (including but not limited
to (single) domain antibodies and ScFv’s); reference is made
to for example Chapman, Nat. Biotechnol., 54, 531-545
(2002); by Veronese and Harris, Adv. Drug Deliv. Rev. 54,
453-456 (2003), by Harris and Chess, Nat. Rev. Drug.
Discov., 2, (2003) and in WO 04/060965. Various reagents
for pegylation of proteins are also commercially available,
for example from Nektar Therapeutics, USA.

Preferably, site-directed pegylation is used, in particular
via a cysteine-residue (see for example Yang et al., Protein
Engineering, 16, 10, 761-770 (2003). For example, for this
purpose, PEG may be attached to a cysteine residue that
naturally occurs in a Nanobody of the invention, a Nano-
body of the invention may be modified so as to suitably
introduce one or more cysteine residues for attachment of
PEG, or an amino acid sequence comprising one or more
cysteine residues for attachment of PEG may be fused to the
N- and/or C-terminus of a Nanobody of the invention, all
using techniques of protein engineering known per se to the
skilled person.

Preferably, for the Nanobodies and proteins of the inven-
tion, a PEG is used with a molecular weight of more than
5000, such as more than 10,000 and less than 200,000, such
as less than 100,000; for example in the range of 20,000-
80,000.

Another, usually less preferred modification comprises
N-linked or O-linked glycosylation, usually as part of co-
translational and/or post-translational modification, depend-
ing on the host cell used for expressing the Nanobody or
polypeptide of the invention.

Yet another modification may comprise the introduction
of one or more detectable labels or other signal-generating
groups or moieties, depending on the intended use of the
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labelled Nanobody. Suitable labels and techniques for
attaching, using and detecting them will be clear to the
skilled person, and for example include, but are not limited
to, fluorescent labels (such as fluorescein, isothiocyanate,
rhodamine, phycoerythrin, phycocyanin, allophycocyanin,
o-phthaldehyde, and fluorescamine and fluorescent metals
such as '*Eu or others metals from the lanthanide series),
phosphorescent labels, chemiluminescent labels or biolumi-
nescent labels (such as luminal, isoluminol, theromatic
acridinium ester, imidazole, acridinium salts, oxalate ester,
dioxetane or GFP and its analogs), radio-isotopes (such as
3H, 12515 32p, 358, 14C, SICr, 57C0, SSCO, 59Fe, and 7SSe),
metals, metals chelates or metallic cations (for example
metallic cations such as **™Tc, 1231, 11In, 131, ®’Ru, "Cu,
57Ga, and %®Ga or other metals or metallic cations that are
particularly suited for use in in vivo, in vitro or in situ
diagnosis and imaging, such as (**’Gd, >*Mn, '®*Dy, **Cr,
and °SFe), as well as chromophores and enzymes (such as
malate dehydrogenase, staphylococcal nuclease, delta-V-
steroid isomerase, yeast alcohol dehydrogenase, alpha-glyc-
erophosphate dehydrogenase, triose phosphate isomerase,
biotinavidin peroxidase, horseradish peroxidase, alkaline
phosphatase, asparaginase, glucose oxidase, [-galactosi-
dase, ribonuclease, urease, catalase, glucose-VI-phosphate
dehydrogenase, glucoamylase and acetylcholine esterase).
Other suitable labels will be clear to the skilled person, and
for example include moieties that can be detected using
NMR or ESR spectroscopy.

Such labelled Nanobodies and polypeptides of the inven-
tion may for example be used for in vitro, in vivo or in situ
assays (including immunoassays known per se such as
ELISA, RIA, EIA and other “sandwich assays”, etc.) as well
as in vivo diagnostic and imaging purposes, depending on
the choice of the specific label.

As will be clear to the skilled person, another modification
may involve the introduction of a chelating group, for
example to chelate one of the metals or metallic cations
referred to above. Suitable chelating groups for example
include, without limitation, diethyl-enetriaminepentaacetic
acid (DTPA) or ethylenediaminetetraacetic acid (EDTA).

Yet another modification may comprise the introduction
of a functional group that is one part of a specific binding
pair, such as the biotin-(strept)avidin binding pair. Such a
functional group may be used to link the Nanobody of the
invention to another protein, polypeptide or chemical com-
pound that is bound to the other half of the binding pair, i.e.
through formation of the binding pair. For example, a
Nanobody of the invention may be conjugated to biotin, and
linked to another protein, polypeptide, compound or carrier
conjugated to avidin or streptavidin. For example, such a
conjugated Nanobody may be used as a reporter, for
example in a diagnostic system where a detectable signal-
producing agent is conjugated to avidin or streptavidin. Such
binding pairs may for example also be used to bind the
Nanobody of the invention to a carrier, including carriers
suitable for pharmaceutical purposes. One non-limiting
example are the liposomal formulations described by Cao
and Suresh, Journal of Drug Targetting, 8, 4, 257 (2000).
Such binding pairs may also be used to link a therapeutically
active agent to the Nanobody of the invention.

For some applications, in particular for those applications
in which it is intended to kill a cell that expresses the target
against which the Nanobodies of the invention are directed
(e.g. in the treatment of cancer), or to reduce or slow the
growth and/or proliferation such a cell, the Nanobodies of
the invention may also be linked to a toxin or to a toxic
residue or moiety. Examples of toxic moieties, compounds
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or residues which can be linked to a Nanobody of the
invention to provide—for example—a cytotoxic compound
will be clear to the skilled person and can for example be
found in the prior art cited above and/or in the further
description herein. One example is the so-called ADEPT™
technology WO 03/055527.

Other potential chemical and enzymatical modifications
will be clear to the skilled person. Such modifications may
also be introduced for research purposes (e.g. to study
function-activity relationships). Reference is for example
made to Lundblad and Bradshaw, Biotechnol. Appl. Bio-
chem., 26, 143-151 (1997).

Preferably, the derivatives are such that they bind to the
IL-6 receptor, with an affinity (suitably measured and/or
expressed as a K,-value (actual or apparent), a K ,-value
(actual or apparent), a k,,-rate and/or a k, rate, or alterna-
tively as an IC,, value, as further described herein) that is as
defined herein; as well as compounds and constructs, and in
particular proteins and polypeptides, that comprise at least
one such amino acid sequence.

In particular, amino acid sequences and polypeptides of
the invention are preferably such that they:

bind to IL-6R with a dissociation constant (K,,) of 107> to

107" moles/liter or less, and preferably 1077 to 1072
moles/liter or less and more preferably 10~% to 107'2
moles/liter (i.e. with an association constant (K,) of
10° to 10'* liter/moles or more, and preferably 107 to
10*2 liter/moles or more and more preferably 10® to
10*2 liter/moles);
and/or such that they:
bind to IL-6R with a k,-rate of between 10> M~'s™" to
about 10” M~'s™*, preferably between 10° M~ s~ and
107 M~ 5%, more preferably between 10* M~'s™* and
107 M~'s7!, such as between 10° M~!s™' and 107
M st
and/or such that they:
bind to IL-6R with a k,; rate between Is™! (t,,,=0.69 s)
and 107° s~! (providing a near irreversible complex
with a t, , of multiple days), preferably between 1072
s™! and 107% 57!, more preferably between 107> s~ and
1075 571, such as between 10™* 5™ and 1076 s7*.

Preferably, a monovalent amino acid sequence of the
invention (or a polypeptide that contains only one amino
acid sequence of the invention) is preferably such that it will
bind to IL-6R with an affinity less than 500 nM, preferably
less than 200 nM, more preferably less than 10 nM, such as
less than 500 pM.

Some preferred IC50 values for binding of the amino acid
sequences or polypeptides of the invention to IL-6R will
become clear from the further description and examples
herein.

The affinity of a derivative of a Nanobody of the invention
against the IL-6 receptor, can be determined in a manner
known per se, for example using the assay described herein.

As mentioned above, the invention also relates to proteins
or polypeptides that essentially consist of or comprise at
least one Nanobody of the invention. By “essentially consist
of” is meant that the amino acid sequence of the polypeptide
of the invention either is exactly the same as the amino acid
sequence of a Nanobody of the invention or corresponds to
the amino acid sequence of a Nanobody of the invention
which has a limited number of amino acid residues, such as
1-20 amino acid residues, for example 1-10 amino acid
residues and preferably 1-6 amino acid residues, such as 1,
2,3, 4, 5 or 6 amino acid residues, added at the amino
terminal end, at the carboxy terminal end, or at both the
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amino terminal end and the carboxy terminal end of the

amino acid sequence of the Nanobody.

Said amino acid residues may or may not change, alter or
otherwise influence the (biological) properties of the Nano-
body and may or may not add further functionality to the
Nanobody. For example, such amino acid residues:

a) can comprise an N-terminal Met residue, for example as
result of expression in a heterologous host cell or host
organism.

b) may form a signal sequence or leader sequence that
directs secretion of the Nanobody from a host cell upon
synthesis. Suitable secretory leader peptides will be clear
to the skilled person, and may be as further described
herein. Usually, such a leader sequence will be linked to
the N-terminus of the Nanobody, although the invention
in its broadest sense is not limited thereto;

¢) may form a sequence or signal that allows the Nanobody
to be directed towards and/or to penetrate or enter into
specific organs, tissues, cells, or parts or compartments of
cells, and/or that allows the Nanobody to penetrate or
cross a biological barrier such as a cell membrane, a cell
layer such as a layer of epithelial cells, a tumor including
solid tumors, or the blood-brain-barrier. Examples of such
amino acid sequences will be clear to the skilled person.
Some non-limiting examples are the small peptide vectors
(“Pep-trans vectors™) described in WO 03/026700 and in
Temsamani et al., Expert Opin. Biol. Ther., 1, 773 (2001);
Temsamani and Vidal, Drug Discov. Today, 9, 1012 (004)
and Rousselle, J. Pharmacol. Exp. Ther., 296, 124-131
(2001), and the membrane translocator sequence
described by Zhao et al., Apoptosis, 8, 631-637 (2003).
C-terminal and N-terminal amino acid sequences for
intracellular targeting of antibody fragments are for
example described by Cardinale et al., Methods, 34, 171
(2004). Other suitable techniques for intracellular target-
ing involve the expression and/or use of so-called “intra-
bodies” comprising a Nanobody of the invention, as
mentioned below;

d) may form a “tag”, for example an amino acid sequence or
residue that allows or facilitates the purification of the
Nanobody, for example using affinity techniques directed
against said sequence or residue. Thereafter, said
sequence or residue may be removed (e.g. by chemical or
enzymatical cleavage) to provide the Nanobody sequence
(for this purpose, the tag may optionally be linked to the
Nanobody sequence via a cleavable linker sequence or
contain a cleavable motif). Some preferred, but non-
limiting examples of such residues are multiple histidine
residues, glutatione residues and a myc-tag such as
AAAEQKLISEEDLNGAA [SEQ ID NO:31];

e) may be one or more amino acid residues that have been
functionalized and/or that can serve as a site for attach-
ment of functional groups. Suitable amino acid residues
and functional groups will be clear to the skilled person
and include, but are not limited to, the amino acid residues
and functional groups mentioned herein for the deriva-
tives of the Nanobodies of the invention.

According to another embodiment, a polypeptide of the
invention comprises a Nanobody of the invention, which is
fused at its amino terminal end, at its carboxy terminal end,
or both at its amino terminal end and at its carboxy terminal
end to at least one further amino acid sequence, i.e. so as to
provide a fusion protein comprising said Nanobody of the
invention and the one or more further amino acid sequences.
Such a fusion will also be referred to herein as a “Nanobody
fusion”.
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The one or more further amino acid sequence may be any
suitable and/or desired amino acid sequences. The further
amino acid sequences may or may not change, alter or
otherwise influence the (biological) properties of the Nano-
body, and may or may not add further functionality to the
Nanobody or the polypeptide of the invention. Preferably,
the further amino acid sequence is such that it confers one
or more desired properties or functionalities to the Nano-
body or the polypeptide of the invention.

Example of such amino acid sequences will be clear to the
skilled person, and may generally comprise all amino acid
sequences that are used in peptide fusions based on conven-
tional antibodies and fragments thereof (including but not
limited to ScFv’s and single domain antibodies). Reference
is for example made to the review by Holliger and Hudson,
Nature Biotechnology, 23, 9, 1126-1136 (2005),

For example, such an amino acid sequence may be an
amino acid sequence that increases the half-life, the solu-
bility, or the absorption, reduces the immunogenicity or the
toxicity, eliminates or attenuates undesirable side effects,
and/or confers other advantageous properties to and/or
reduces the undesired properties of the polypeptides of the
invention, compared to the Nanobody of the invention per
se. Some non-limiting examples of such amino acid
sequences are serum proteins, such as human serum albumin
(see for example WO 00/27435) or haptenic molecules (for
example haptens that are recognized by circulating antibod-
ies, see for example WO 98/22141).

The further amino acid sequence may also provide a
second binding site, which binding site may be directed
against any desired protein, polypeptide, antigen, antigenic
determinant or epitope (including but not limited to the same
protein, polypeptide, antigen, antigenic determinant or
epitope against which the Nanobody of the invention is
directed, or a different protein, polypeptide, antigen, anti-
genic determinant or epitope). For example, the further
amino acid sequence may provide a second binding site that
is directed against a serum protein (such as, for example,
human serum albumin or another serum protein such as
1gG3), so as to provide increased half-life in serum. Refer-
ence is for example made to EP 0 368 684, WO 91/01743,
WO 01/45746 and WO 04/003019 (in which various serum
proteins are mentioned), the International application by
Ablynx N. V. entitled “Nanobodies against amyloid-beta and
polypeptides comprising the same for the treatment of
degenerative neural diseases such as Alzheimer’s disease”
(in which various other proteins are mentioned), as well as
to Harmsen et al., Vaccine, 23 (41); 4926-42, 2005.

According to another embodiment, the one or more fur-
ther amino acid sequences may comprise one or more parts,
fragments or domains of conventional 4-chain antibodies
(and in particular human antibodies) and/or of heavy chain
antibodies. For example, although usually less preferred, a
Nanobody of the invention may be linked to a conventional
(preferably human) V, or V,; domain or to a natural or
synthetic analog of a V; or V; domain, again optionally via
a linker sequence (including but not limited to other (single)
domain antibodies, such as the dAb’s described by Ward et
al.).

In one specific aspect of the invention, a Nanobody of the
invention or a compound, construct or polypeptide of the
invention comprising at least one Nanobody of the invention
may have an increased half-life, compared to the corre-
sponding amino acid sequence of the invention. Some
preferred, but non-limiting examples of such Nanobodies,
compounds and polypeptides will become clear to the
skilled person based on the further disclosure herein, and for
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example comprise Nanobodies sequences or polypeptides of
the invention that have been chemically modified to increase
the half-life thereof (for example, by means of pegylation);
amino acid sequences of the invention that comprise at least
one additional binding site for binding to a serum protein
(such as serum albumin. Reference is for example made to
the US provisional application by Ablynx N. V. entitled
“Immunoglobulin domains with multiple binding sites” filed
on Nov. 27, 2006); or polypeptides of the invention that
comprise at least one Nanobody of the invention that is
linked to at least one moiety (and in particular at least one
amino acid sequence) that increases the half-life of the
Nanobody of the invention. Examples of polypeptides of the
invention that comprise such half-life extending moieties or
amino acid sequences will become clear to the skilled person
based on the further disclosure herein; and for example
include, without limitation, polypeptides in which the one or
more Nanobodies of the invention are suitable linked to one
or more serum proteins or fragments thereof (such as serum
albumin or suitable fragments thereof) or to one or more
binding units that can bind to serum proteins (such as, for
example, Nanobodies or (single) domain antibodies that can
bind to serum proteins such as serum albumin, serum
immunoglobulins such as 1gG, or transferrine); polypeptides
in which a Nanobody of the invention is linked to an Fc
portion (such as a human Fc) or a suitable part or fragment
thereof; or polypeptides in which the one or more Nano-
bodies of the invention are suitable linked to one or more
small proteins or peptides that can bind to serum proteins
(such as, without limitation, the proteins and peptides
described in WO 91/01743, WO 01/45746, WO 02/076489).

Generally, the Nanobodies of the invention (or com-
pounds, constructs or polypeptides comprising the same)
with increased half-life preferably have a half-life that is at
least 1.5 times, preferably at least 2 times, such as at least 5
times, for example at least 10 times or more than 20 times,
greater than the half-life of the corresponding amino acid
sequence of the invention per se. For example, the Nano-
bodies, compounds, constructs or polypeptides of the inven-
tion with increased half-life may have a half-life that is
increased with more than 1 hours, preferably more than 2
hours, more preferably more than 6 hours, such as more than
12 hours, or even more than 24, 48 or 72 hours, compared
to the corresponding amino acid sequence of the invention
per se.

In a preferred, but non-limiting aspect of the invention,
such Nanobodies, compound, constructs or polypeptides of
the invention exhibit a serum half-life in human of at least
about 12 hours, preferably at least 24 hours, more preferably
at least 48 hours, even more preferably at least 72 hours or
more. For example, compounds or polypeptides of the
invention may have a half-life of at least 5 days (such as
about 5 to 10 days), at preferably at least 9 days (such as
about 9 to 14 days), more preferably at least about 10 days
(such as about 10 to 15 days), or at least about 11 days (such
as about 11 to 16 days), more preferably at least about 12
days (such as about 12 to 18 days or more), or more than 14
days (such as about 14 to 19 days).

In another one aspect of the invention, a polypeptide of
the invention comprises one or more (such as two or
preferably one) Nanobodies of the invention linked (option-
ally via one or more suitable linker sequences) to one or
more (such as two and preferably one) amino acid sequences
that allow the resulting polypeptide of the invention to cross
the blood brain barrier. In particular, said one or more amino
acid sequences that allow the resulting polypeptides of the
invention to cross the blood brain barrier may be one or
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more (such as two and preferably one) Nanobodies, such as
the Nanobodies described in WO 02/057445, of which FC44
(SEQID NO: 189 of WO 06/040153) and FCS5 (SEQ ID NO:
190 of WO 06/040154) are preferred examples.

In particular, it has been described in the art that linking
fragments of immunoglobulins (such as V, domains) to
serum albumin or to fragments thereof can be used to
increase the half-life. Reference is for made to WO
00/27435 and WO 01/077137). According to the invention,
the Nanobody of the invention is preferably either directly
linked to serum albumin (or to a suitable fragment thereof)
or via a suitable linker, and in particular via a suitable
peptide linked so that the polypeptide of the invention can be
expressed as a genetic fusion (protein). According to one
specific aspect, the Nanobody of the invention may be linked
to a fragment of serum albumin that at least comprises the
domain III of serum albumin or part thereof. Reference is for
example made to the U.S. provisional application 60/788,
256 of Ablynx N. V. entitled “Albumin derived amino acid
sequence, use thereof for increasing the half-life of thera-
peutic proteins and of other therapeutic proteins and entities,
and constructs comprising the same” filed on Mar. 31, 2006.

Some preferred, but non-limiting, examples of fusions of
anti-IL6R Nanobodies to human serum albumin are given in
SEQ ID NO’s: 603-608.

Alternatively, the further amino acid sequence may pro-
vide a second binding site or binding unit that is directed
against a serum protein (such as, for example, human serum
albumin or another serum protein such as Ig@G), so as to
provide increased half-life in serum. Such amino acid
sequences for example include the Nanobodies described
below, as well as the small peptides and binding proteins
described in WO 91/01743, WO 01/45746 and WO
02/076489 and the dAb’s described in WO 03/002609 and
WO 04/003019. Reference is also made to Harmsen et al.,
Vaccine, 23 (41); 4926-42, as well as to EP 0 368 684, as
well as to the following the U.S. provisional applications
60/843,349, 60/850,774, 60/850,775 by Ablynx N. V. men-
tioned herein.

Such amino acid sequences may in particular be directed
against serum albumin (and more in particular human serum
albumin) and/or against IgG (and more in particular human
IgG). For example, such amino acid sequences may be
amino acid sequences that are directed against (human)
serum albumin and that amino acid sequences that can bind
to amino acid residues on (human) serum albumin that are
not involved in binding of serum albumin to FcRn (see for
example WO 06/0122787) and/or amino acid sequences that
are capable of binding to amino acid residues on serum
albumin that do not form part of domain III of serum
albumin (see again see for example WO 06/0122787);
amino acid sequences that have or can provide an increased
half-life (see for example the U.S. provisional application
60/843,349 by Ablynx N. V. entitled “Serum albumin bind-
ing proteins with long half-lives” filed on Sep. 8, 2006);
amino acid sequences against human serum albumin that are
cross-reactive with serum albumin from at least one species
of mammal, and in particular with at least one species of
primate (such as, without limitation, monkeys from the
genus Macaca (such as, and in particular, cynomologus
monkeys (Macaca fascicularis) and/or rhesus monkeys
(Macaca mulatta)) and baboon (Papio ursinus), reference is
again made to the U.S. provisional application 60/843,349);
amino acid sequences that can bind to serum albumin in a
pH independent manner (see for example the U.S. provi-
sional application 60/850,774 by Ablynx N. V. entitled
“Amino acid sequences that bind to serum proteins in a
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manner that is essentially independent of the pH, com-
pounds comprising the same, and uses thereof™, filed on Oct.
11, 2006) and/or amino acid sequences that are conditional
binders (see for example the U.S. provisional application
60/850,775 by Ablynx N. V. entitled “Amino acid sequences
that bind to a desired molecule in a conditional manner”,
filed on Oct. 11, 2006).

The at least one Nanobody may also be linked to one or
more (preferably human) CH,, CH, and/or CH; domains,
optionally via a linker sequence. For instance, a Nanobody
linked to a suitable CH; domain could for example be
used—together with suitable light chains—to generate anti-
body fragments/structures analogous to conventional Fab
fragments or F(ab")2 fragments, but in which one or (in case
of an F(ab')2 fragment) one or both of the conventional V,
domains have been replaced by a Nanobody of the inven-
tion. Also, two Nanobodies could be linked to a CH3 domain
(optionally via a linker) to provide a construct with
increased half-life in vivo.

According to one specific embodiment of a polypeptide of
the invention, one or more Nanobodies of the invention may
be linked to one or more antibody parts, fragments or
domains that confer one or more effector functions to the
polypeptide of the invention and/or may confer the ability to
bind to one or more Fc receptors. For example, for this
purpose, and without being limited thereto, the one or more
further amino acid sequences may comprise one or more
CH, and/or CH; domains of an antibody, such as from a
heavy chain antibody (as described herein) and more pref-
erably from a conventional human 4-chain antibody; and/or
may form (part of) and Fc region, for example from IgG,
from IgE or from another human Ig. For example, WO
94/04678 describes heavy chain antibodies comprising a
Camelid V;;; domain or a humanized derivative thereof (i.e.
a Nanobody), in which the Camelidae CH, and/or CH,
domain have been replaced by human CH, and CH,
domains, so as to provide an immunoglobulin that consists
of 2 heavy chains each comprising a Nanobody and human
CH2 and CH3 domains (but no CH1 domain), which immu-
noglobulin has the effector function provided by the CH2
and CH3 domains and which immunoglobulin can function
without the presence of any light chains. Other amino acid
sequences that can be suitably linked to the Nanobodies of
the invention so as to provide an effector function will be
clear to the skilled person, and may be chosen on the basis
of the desired effector function(s). Reference is for example
made to WO 04/058820, WO 99/42077 and WO 05/017148,
as well as the review by Holliger and Hudson, supra.
Coupling of a Nanobody of the invention to an Fc portion
may also lead to an increased half-life, compared to the
corresponding Nanobody of the invention. For some appli-
cations, the use of an Fc portion and/or of constant domains
(i.e. CH, and/or CH; domains) that confer increased half-life
without any biologically significant effector function may
also be suitable or even preferred. Other suitable constructs
comprising one or more Nanobodies and one or more
constant domains with increased half-life in vivo will be
clear to the skilled person, and may for example comprise
two Nanobodies linked to a CH3 domain, optionally via a
linker sequence. Generally, any fusion protein or derivatives
with increased half-life will preferably have a molecular
weight of more than 50 kD, the cut-off value for renal
absorption.

The further amino acid sequences may also form a signal
sequence or leader sequence that directs secretion of the
Nanobody or the polypeptide of the invention from a host
cell upon synthesis (for example to provide a pre-, pro- or
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prepro-form of the polypeptide of the invention, depending
on the host cell used to express the polypeptide of the
invention).

The further amino acid sequence may also form a
sequence or signal that allows the Nanobody or polypeptide
of'the invention to be directed towards and/or to penetrate or
enter into specific organs, tissues, cells, or parts or compart-
ments of cells, and/or that allows the Nanobody or poly-
peptide of the invention to penetrate or cross a biological
barrier such as a cell membrane, a cell layer such as a layer
of epithelial cells, a tumor including solid tumors, or the
blood-brain-barrier. Suitable examples of such amino acid
sequences will be clear to the skilled person, and for
example include, but are not limited to, the “Peptrans”
vectors mentioned above, the sequences described by Car-
dinale et al. and the amino acid sequences and antibody
fragments known per se that can be used to express or
produce the Nanobodies and polypeptides of the invention
as so-called “intrabodies”, for example as described in WO
94/02610, WO 95/22618, US-A-7004940, WO 03/014960,
WO 99/07414; WO 05/01690; EP 1 512 696; and in Catta-
neo, A. & Biocca, S. (1997) Intracellular Antibodies: Devel-
opment and Applications. Landes and Springer-Verlag; and
in Kontermann, Methods 34, (2004), 163-170, and the
further references described therein.

For some applications, in particular for those applications
in which it is intended to kill a cell that expresses the target
against which the Nanobodies of the invention are directed
(e.g. in the treatment of cancer), or to reduce or slow the
growth and/or proliferation of such a cell, the Nanobodies of
the invention may also be linked to a (cyto)toxic protein or
polypeptide. Examples of such toxic proteins and polypep-
tides which can be linked to a Nanobody of the invention to
provide—for example—a cytotoxic polypeptide of the
invention will be clear to the skilled person and can for
example be found in the prior art cited above and/or in the
further description herein. One example is the so-called
ADEPT™ technology described in WO 03/055527.

According to one preferred, but non-limiting embodi-
ment, said one or more further amino acid sequences com-
prise at least one further Nanobody, so as to provide a
polypeptide of the invention that comprises at least two,
such as three, four, five or more Nanobodies, in which said
Nanobodies may optionally be linked via one or more linker
sequences (as defined herein). Polypeptides of the invention
that comprise two or more Nanobodies, of which at least one
is a Nanobody of the invention, will also be referred to
herein as “multivalent” polypeptides of the invention, and
the Nanobodies present in such polypeptides will also be
referred to herein as being in a “multivalent format”. For
example a “bivalent” polypeptide of the invention comprises
two Nanobodies, optionally linked via a linker sequence,
whereas a “trivalent” polypeptide of the invention comprises
three Nanobodies, optionally linked via two linker
sequences; etc.; in which at least one of the Nanobodies
present in the polypeptide, and up to all of the Nanobodies
present in the polypeptide, is/are a Nanobody of the inven-
tion.

In a multivalent polypeptide of the invention, the two or
more Nanobodies may be the same or different, and may be
directed against the same antigen or antigenic determinant
(for example against the same part(s) or epitope(s) or against
different parts or epitopes) or may alternatively be directed
against different antigens or antigenic determinants; or any
suitable combination thereof. For example, a bivalent poly-
peptide of the invention may comprise (a) two identical
Nanobodies; (b) a first Nanobody directed against a first
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antigenic determinant of a protein or antigen and a second
Nanobody directed against the same antigenic determinant
of said protein or antigen which is different from the first
Nanobody; (c¢) a first Nanobody directed against a first
antigenic determinant of a protein or antigen and a second
Nanobody directed against another antigenic determinant of
said protein or antigen; or (d) a first Nanobody directed
against a first protein or antigen and a second Nanobody
directed against a second protein or antigen (i.e. different
from said first antigen). Similarly, a trivalent polypeptide of
the invention may, for example and without being limited
thereto. comprise (a) three identical Nanobodies; (b) two
identical Nanobody against a first antigenic determinant of
an antigen and a third Nanobody directed against a different
antigenic determinant of the same antigen; (c) two identical
Nanobody against a first antigenic determinant of an antigen
and a third Nanobody directed against a second antigen
different from said first antigen; (d) a first Nanobody
directed against a first antigenic determinant of a first
antigen, a second Nanobody directed against a second
antigenic determinant of said first antigen and a third Nano-
body directed against a second antigen different from said
first antigen; or (e) a first Nanobody directed against a first
antigen, a second Nanobody directed against a second
antigen different from said first antigen, and a third Nano-
body directed against a third antigen different from said first
and second antigen.

Polypeptides of the invention that contain at least two
Nanobodies, in which at least one Nanobody is directed
against a first antigen (i.e. against the IL.-6 receptor) and at
least one Nanobody is directed against a second antigen (i.e.
different from the IL-6 receptor), will also be referred to as
“multispecific” polypeptides of the invention, and the Nano-
bodies present in such polypeptides will also be referred to
herein as being in a “multispecific format”. Thus, for
example, a “bispecific” polypeptide of the invention is a
polypeptide that comprises at least one Nanobody directed
against a first antigen (i.e. the IL-6 receptor) and at least one
further Nanobody directed against a second antigen (i.e.
different from the 1L.-6 receptor), whereas a “trispecific”
polypeptide of the invention is a polypeptide that comprises
at least one Nanobody directed against a first antigen (i.e. the
IL-6 receptor), at least one further Nanobody directed
against a second antigen (i.e. different from the IL-6 recep-
tor) and at least one further Nanobody directed against a
third antigen (i.e. different from both the IL-6 receptor, and
the second antigen); etc.

Accordingly, in its simplest form, a bispecific polypeptide
of'the invention is a bivalent polypeptide of the invention (as
defined herein), comprising a first Nanobody directed
against the IL.-6 receptor, and a second Nanobody directed
against a second antigen, in which said first and second
Nanobody may optionally be linked via a linker sequence
(as defined herein); whereas a trispecific polypeptide of the
invention in its simplest form is a trivalent polypeptide of the
invention (as defined herein), comprising a first Nanobody
directed against the IL-6 receptor, a second Nanobody
directed against a second antigen and a third Nanobody
directed against a third antigen, in which said first, second
and third Nanobody may optionally be linked via one or
more, and in particular one and more in particular two, linker
sequences.

Some preferred, but non-limiting examples of bivalent
bispecific polypeptides of the invention are given in SEQ ID
NO’s: 450-471 and 559-602. Some preferred, but non-
limiting examples of trivalent bispecific polypeptides of the
invention are given in SEQ ID NO’s: 478-558.
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However, as will be clear from the description herein-
above, the invention is not limited thereto, in the sense that
a multispecific polypeptide of the invention may comprise at
least one Nanobody against the IL-6 receptor, and any
number of Nanobodies directed against one or more antigens
different from the I1.-6 receptor.

Furthermore, although it is encompassed within the scope
of the invention that the specific order or arrangement of the
various Nanobodies in the polypeptides of the invention may
have some influence on the properties of the final polypep-
tide of the invention (including but not limited to the affinity,
specificity or avidity for the IL.-6 receptor, or against the one
or more other antigens), said order or arrangement is usually
not critical and may be suitably chosen by the skilled person,
optionally after some limited routine experiments based on
the disclosure herein. Thus, when reference is made to a
specific multivalent or multispecific polypeptide of the
invention, it should be noted that this encompasses any order
or arrangements of the relevant Nanobodies, unless explic-
itly indicated otherwise.

Finally, it is also within the scope of the invention that the
polypeptides of the invention contain two or more Nano-
bodies and one or more further amino acid sequences (as
mentioned herein).

For multivalent and multispecific polypeptides containing
one or more V,, domains and their preparation, reference is
also made to Conrath et al., J. Biol. Chem., Vol. 276, 10.
7346-7350, 2001; Muyldermans, Reviews in Molecular Bio-
technology 74 (2001), 277-302; as well as to for example
WO 96/34103 and WO 99/23221. Some other examples of
some specific multispecific and/or multivalent polypeptidee
of the invention can be found in the applications by Ablynx
N. V. referred to herein.

One preferred, but non-limiting example of a multispe-
cific polypeptide of the invention comprises at least one
Nanobody of the invention and at least one Nanobody that
provides for an increased half-life. Some preferred, but
non-limiting examples of such Nanobodies include Nano-
bodies directed against serum proteins, such as human
serum albumin, thyroxine-binding protein, (human) trans-
ferrin, fibrinogen, an immunoglobulin such as IgG, IgE or
IgM, or one of the other serum proteins listed in WO
04/003019.

For example, for experiments in mice, Nanobodies
against mouse serum albumin (MSA) can be used, whereas
for pharmaceutical use, Nanobodies against human serum
albumin can be used.

Another embodiment of the present invention is a poly-
peptide construct as described above wherein said at least
one (human) serum protein is any of (human) serum albu-
min, (human) serum immunoglobulins, (human) thyroxine-
binding protein, (human) transferrin, (human) fibrinogen,
etc.

According to a specific, but non-limiting aspect of the
invention, the polypeptides of the invention contain, besides
the one or more Nanobodies of the invention, at least one
Nanobody against human serum albumin. Although these
Nanobodies against human serum albumin may be as gen-
erally described in the applications by Ablynx N. V. cited
above (see for example W04/062551), according to a par-
ticularly preferred, but non-limiting embodiment, said
Nanobody against human serum albumin consists of 4
framework regions (FR1 to FR4 respectively) and 3 comple-
mentarity determining regions (CDR1 to CDR3 respec-
tively), in which:
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1) CDR1 is an amino acid sequence chosen from the group
consisting of:

[SEQ ID NO: 15]
FGMS

[SEQ ID NO: 16]
LNLMG

[SEQ ID NO: 17]
INLLG

[SEQ ID NO: 18]
NYWMY ;

and/or from the group consisting of amino acid sequences
that have 2 or only 1 “amino acid difference(s)” (as defined
herein) with one of the above amino acid sequences, in
which:

(1) any amino acid substitution is preferably a conserva-
tive amino acid substitution (as defined herein); and/or

(2) said amino acid sequence preferably only contains
amino acid substitutions, and no amino acid deletions or
insertions, compared to the above amino acid sequences;

and in which:

i) CDR2 is an amino acid sequence chosen from the
group consisting of:

[SEQ ID NO: 19]
SISGSGSDTLYADSVKG

[SEQ ID NO: 20]
TITVGDSTNYADSVKG

[SEQ ID NO: 21]
TITVGDSTSYADSVKG

[SEQ ID NO: 22]
SINGRGDDTRYADSVKG

[SEQ ID NO: 23]
AISADSSTKNYADSVKG

[SEQ ID NO: 24]
ATSADSSDKRYADSVKG

[SEQ ID NO: 25]
RISTGGGYSYYADSVKG

or from the group consisting of amino acid sequences that
have at least 80%, preferably at least 90%, more preferably
at least 95%, even more preferably at least 99% sequence
identity (as defined herein) with one of the above amino acid
sequences; in which

(1) any amino acid substitution is preferably a conserva-
tive amino acid substitution (as defined herein); and/or

(2) said amino acid sequence preferably only contains
amino acid substitutions, and no amino acid deletions or
insertions, compared to the above amino acid sequences;

and/or from the group consisting of amino acid sequences
that have 3, 2 or only 1 “amino acid difference(s)” (as
defined herein) with one of the above amino acid sequences,
in which:

(1) any amino acid substitution is preferably a conserva-
tive amino acid substitution (as defined herein); and/or

(2) said amino acid sequence preferably only contains
amino acid substitutions, and no amino acid deletions or
insertions, compared to the above amino acid sequences;
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and in which:
iii) CDR3 is an amino acid sequence chosen from the
group consisting of:
[SEQ ID NO: 26]
DREAQVDTLDFDY

or from the group consisting of amino acid sequences that
have at least 80%, preferably at least 90%, more preferably
at least 95%, even more preferably at least 99% sequence
identity (as defined herein) with one of the above amino acid
sequences; in which

(1) any amino acid substitution is preferably a conserva-
tive amino acid substitution (as defined herein); and/or

(2) said amino acid sequence preferably only contains
amino acid substitutions, and no amino acid deletions or
insertions, compared to the above amino acid sequences;

and/or from the group consisting of amino acid sequences
that have 3, 2 or only 1 “amino acid difference(s)” (as
defined herein) with one of the above amino acid sequences,
in which:

(1) any amino acid substitution is preferably a conserva-
tive amino acid substitution (as defined herein); and/or

(2) said amino acid sequence preferably only contains
amino acid substitutions, and no amino acid deletions or
insertions, compared to the above amino acid sequences;

or from the group consisting of:

[SEQ ID NO: 27]
GGSLSR

[SEQ ID NO: 28]
RRTWHSEL

[SEQ ID NO: 29]
GRSVSRS

[SEQ ID NO: 30]
GRGSP

and/or from the group consisting of amino acid sequences
that have 3, 2 or only 1 “amino acid difference(s)” (as
defined herein) with one of the above amino acid sequences,
in which:

(1) any amino acid substitution is preferably a conserva-
tive amino acid substitution (as defined herein); and/or

(2) said amino acid sequence preferably only contains
amino acid substitutions, and no amino acid deletions or
insertions, compared to the above amino acid sequences.

In another aspect, the invention relates to a Nanobody
against human serum albumin, which consist of 4 frame-
work regions (FR1 to FR4 respectively) and 3 complemen-
tarity determining regions (CDR1 to CDR3 respectively),
which is chosen from the group consisting of Nanobodies
with the one of the following combinations of CDR1, CDR2
and CDR3, respectively:

CDR1: SFGMS; CDR2: SISGSGSDTLYADSVKG; CDR3:
GGSLSR;

CDR1: LNLMG; CDR2: TITVGDSTNYADSVKG; CDR3:
RRTWHSEL;

CDR1: INLLG; CDR2: TITVGDSTSYADSVKG; CDR3:
RRTWHSEL;

CDR1: SFGMS; CDR2: SINGRGDDTRYADSVKG; CDR3:
GRSVSRS;
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-continued
CDR1: SFGMS; CDR2: AISADSSDKRYADSVKG; CDR3: GRGSP;
CDR1: SFGMS; CDR2: AISADSSDKRYADSVKG; CDR3: GRGSP;
CDR1: NYWMY; CDR2: RISTGGGYSYYADSVKG; CDR3:
DREAQVDTLDEDY .

In the Nanobodies of the invention that comprise the
combinations of CDR’s mentioned above, each CDR can be
replaced by a CDR chosen from the group consisting of
amino acid sequences that have at least 80%, preferably at
least 90%, more preferably at least 95%, even more prefer-
ably at least 99% sequence identity (as defined herein) with
the mentioned CDR’s; in which

(1) any amino acid substitution is preferably a conserva-
tive amino acid substitution (as defined herein); and/or

(2) said amino acid sequence preferably only contains
amino acid substitutions, and no amino acid deletions or
insertions, compared to the above amino acid sequences;

and/or chosen from the group consisting of amino acid
sequences that have 3, 2 or only 1 (as indicated in the
preceding paragraph) “amino acid difference(s)” (as defined
herein) with the mentioned CDR(s) one of the above amino
acid sequences, in which:

(1) any amino acid substitution is preferably a conserva-
tive amino acid substitution (as defined herein); and/or

(2) said amino acid sequence preferably only contains
amino acid substitutions, and no amino acid deletions or
insertions, compared to the above amino acid sequences.

However, of the Nanobodies of the invention that com-
prise the combinations of CDR’s mentioned above, Nano-
bodies comprising one or more of the CDR’s listed above
are particularly preferred; Nanobodies comprising two or
more of the CDR’s listed above are more particularly
preferred; and Nanobodies comprising three of the CDR’s
listed above are most particularly preferred.

In these Nanobodies against human serum albumin, the
Framework regions FR1 to FR4 are preferably as defined
hereinabove for the Nanobodies of the invention.

Some preferred, but non-limiting examples of Nanobod-
ies directed against human serum albumin that can be used
in the polypeptides of the invention are listed in Table A-9
below. ALB-8 is a humanized version of ALB-1.

TABLE A-9

Preferred, but non-limiting examples of

albumin-binding Nanobodies
<Name, SEQ ID #; PRT (protein); ->
Sequence
<PMP 6A6 (ALB-1), SEQ ID NO: 32; PRT; ->

AVQLVESGGGLVQPGNSLRLSCAASGF TFRSFGMSWVRQAPGKEPEWVSS
ISGSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLKPEDTAVYYCTIGG
SLSRSSQGTQVTVSS

<ALB-8 (humanized ALB-1), SEQ ID NO: 33; PRT; ->
EVQLVESGGGLVQPGNS LRLS CAASGFTFS SFGMSWVRQAPGKGLEWVS S
ISGSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGG
SLSRSSQGTLVTVSS

<PMP 6A8 (ALB-2), SEQ ID NO: 34; PRT; ->
AVQLVESGGGLVQGGGS LRLACAAS ERTFDLNLMGWYRQGPGNERELVAT
CITVGDSTNYADSVKGRFTISMDYTKQTVYLHMNSLRPEDTGLYYCKIRR
TWHS ELWGQGTQVTVSS

Some preferred, but non-limiting examples of polypep-
tides of the invention that comprise at least one Nanobody
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against IL-6R and at least one Nanobody that provides for
increased half-life are given in SEQ ID NO’s 478 to 602.

Generally, any derivatives and/or polypeptides of the
invention with increased half-life (for example pegylated
Nanobodies or polypeptides of the invention, multispecific
Nanobodies directed against the IL-6 receptor and (human)
serum albumin, or Nanobodies fused to an Fc portion, all as
described herein) have a half-life that is at least 1.5 times,
preferably at least 2 times, such as at least 5 times, for
example at least 10 times or more than 20 times, the half-life
of the corresponding Nanobody of the invention.

Also, any derivatives or polypeptides of the invention
with an increase half-life preferably have a half-life of more
than 1 hour, preferably more than 2 hours, more preferably
of more than 6 hours, such as of more than 12 hours, and for
example of about one day, two days, one week, two weeks
or three weeks, and preferably no more than 2 months,
although the latter may be less critical.

Half-life can generally be defined as the time taken for the
serum concentration of the polypeptide to be reduce by 50%,
in vivo, for example due to degradation of the ligand and/or
clearance or sequestration of the ligand by natural mecha-
nisms. Methods for pharmacokinetic analysis and determi-
nation of half-life are familiar to those skilled in the art.
Details may be found in Kenneth, A et al: Chemical Stability
of Pharmaceuticals: A Handbook for Pharmacists and in
Peters et al, Pharmacokinete analysis: A Practical Approach
(1996). Reference is also made to “Pharmacokinetics”, M
Gibaldi & D Perron, published by Marcel Dekker, 2 nd Rev.
ex edition (1982).

According to one aspect of the invention the polypeptides
are capable of binding to one or more molecules which can
increase the half-life of the polypeptide in vivo.

The polypeptides of the invention are stabilised in vivo
and their half-life increased by binding to molecules which
resist degradation and/or clearance or sequestration. Typi-
cally, such molecules are naturally occurring proteins which
themselves have a long half-life in vivo.

Another preferred, but non-limiting example of a multi-
specific polypeptide of the invention comprises at least one
Nanobody of the invention and at least one Nanobody that
directs the polypeptide of the invention towards, and/or that
allows the polypeptide of the invention to penetrate or to
enter into specific organs, tissues, cells, or parts or compart-
ments of cells, and/or that allows the Nanobody to penetrate
or cross a biological barrier such as a cell membrane, a cell
layer such as a layer of epithelial cells, a tumor including
solid tumors, or the blood-brain-barrier. Examples of such
Nanobodies include Nanobodies that are directed towards
specific cell-surface proteins, markers or epitopes of the
desired organ, tissue or cell (for example cell-surface mark-
ers associated with tumor cells), and the single-domain brain
targeting antibody fragments described in WO 02/057445,
of which FC44 (SEQ ID NO 35) and FC5 (SEQ ID NO: 36)
are preferred examples.

TABLE A-10

Sequence listing of FC44 and FC5
<Name, SEQ ID #; PRT (protein);
Sequence

->

< FC44, SEQ ID NO: 35; PRT; -»
EVQLQASGGGLVQAGGSLRLS CSASVRTFS I YAMGWFRQAPGKEREFVAG
INRSGDVTKYADFVKGRES ISRDNAKNMVYLQMNSLKPEDTALYY CAATH
AYDTVGALTSGYNFWGQGTQVTVSS
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TABLE A-10-continued
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TABLE A-11-continued

Sequence listing of FC44 and FC5

Sequence listing of linkers

<Name, SEQ ID #; PRT (protein); -> <Name, SEQ ID #; PRT (protein); ->
Sequence Sequence
5
< FC5, SEQ ID NO: 36; PRT; -> < Llama upper long hinge region, SEQ ID NO: 41;
EVQLQASGGGLVQAGGSLRLSCAASGFKITHY TMGWFRQAPGKEREFVSR PRT; ->
ITWGGDNTFYSNSVKGRFTISRDNAKNTVYLOQMNSLKPEDTADYYCAAGS EPKTPKPQPAAA

TSTATPLRVDYWGKGTQVTVSS

In the polypeptides of the invention, the one or more
Nanobodies and the one or more polypeptides may be
directly linked to each other (as for example described in
WO 99/23221) and/or may be linked to each other via one
or more suitable spacers or linkers, or any combination
thereof.

Suitable spacers or linkers for use in multivalent and
multispecific polypeptides will be clear to the skilled person,
and may generally be any linker or spacer used in the art to
link amino acid sequences. Preferably, said linker or spacer
is suitable for use in constructing proteins or polypeptides
that are intended for pharmaceutical use.

Some particularly preferred spacers include the spacers
and linkers that are used in the art to link antibody fragments
or antibody domains. These include the linkers mentioned in
the general background art cited above, as well as for
example linkers that are used in the art to construct diabodies
or ScFv fragments (in this respect, however, its should be
noted that, whereas in diabodies and in ScFv fragments, the
linker sequence used should have a length, a degree of
flexibility and other properties that allow the pertinent V,
and V; domains to come together to form the complete
antigen-binding site, there is no particular limitation on the
length or the flexibility of the linker used in the polypeptide
of the invention, since each Nanobody by itself forms a
complete antigen-binding site).

For example, a linker may be a suitable amino acid
sequence, and in particular amino acid sequences of between
1 and 50, preferably between 1 and 30, such as between 1
and 10 amino acid residues. Some preferred examples of
such amino acid sequences include gly-ser linkers, for
example of the type (gly.ser,),, such as (for example
(gly,ser); or (glysser,);, as described in WO 99/42077,
hinge-like regions such as the hinge regions of naturally
occurring heavy chain antibodies or similar sequences (such
as described in WO 94/04678).

Some other particularly preferred linkers are poly-alanine
(such as AAA), as well as the linkers mentioned in Table
A-11, of which AAA, GS-7 and GS-9 are particularly
preferred.

TABLE A-11

Sequence listing of linkers
<Name, SEQ ID #; PRT (protein);
Sequence

->

< GS30, SEQ ID NO: 37; PRT; ->
GGGESGGGESGGGEESGEEGSGEEGSGEGES

< GS15, SEQ ID NO:
GGGESGGGESGGEES

38; PRT; ->

< GS9, SEQ ID NO:
GGGESGGES

39; PRT; ->

< Gs7, ->

SGGSGGS

SEQ ID NO: 40; PRT;
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Other suitable linkers generally comprise organic com-
pounds or polymers, in particular those suitable for use in
proteins for pharmaceutical use. For instance, poly(ethyl-
eneglycol) moieties have been used to link antibody
domains, see for example WO 04/081026.

It is encompassed within the scope of the invention that
the length, the degree of flexibility and/or other properties of
the linker(s) used (although not critical, as it usually is for
linkers used in ScFv fragments) may have some influence on
the properties of the final polypeptide of the invention,
including but not limited to the affinity, specificity or avidity
for The IL-6 receptor, or for one or more of the other
antigens. Based on the disclosure herein, the skilled person
will be able to determine the optimal linker(s) for use in a
specific polypeptide of the invention, optionally after some
limited routine experiments.

For example, in multivalent polypeptides of the invention
that comprise Nanobodies directed against a multimeric
antigen (such as a multimeric receptor or other protein), the
length and flexibility of the linker are preferably such that it
allows each Nanobody of the invention present in the
polypeptide to bind to the antigenic determinant on each of
the subunits of the multimer. Similarly, in a multispecific
polypeptide of the invention that comprises Nanobodies
directed against two or more different antigenic determi-
nants on the same antigen (for example against different
epitopes of an antigen and/or against different subunits of a
multimeric receptor, channel or protein), the length and
flexibility of the linker are preferably such that it allows each
Nanobody to bind to its intended antigenic determinant.
Again, based on the disclosure herein, the skilled person will
be able to determine the optimal linker(s) for use in a
specific polypeptide of the invention, optionally after some
limited routine experiments.

It is also within the scope of the invention that the
linker(s) used confer one or more other favourable proper-
ties or functionality to the polypeptides of the invention,
and/or provide one or more sites for the formation of
derivatives and/or for the attachment of functional groups
(e.g. as described herein for the derivatives of the Nano-
bodies of the invention). For example, linkers containing
one or more charged amino acid residues (see Table A-2
above) can provide improved hydrophilic properties,
whereas linkers that form or contain small epitopes or tags
can be used for the purposes of detection, identification
and/or purification. Again, based on the disclosure herein,
the skilled person will be able to determine the optimal
linkers for use in a specific polypeptide of the invention,
optionally after some limited routine experiments.

Finally, when two or more linkers are used in the poly-
peptides of the invention, these linkers may be the same or
different. Again, based on the disclosure herein, the skilled
person will be able to determine the optimal linkers for use
in a specific polypeptide of the invention, optionally after
some limited routine experiments.

Usually, for easy of expression and production, a poly-
peptide of the invention will be a linear polypeptide. How-
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ever, the invention in its broadest sense is not limited
thererto. For example, when a polypeptide of the invention
comprises three of more Nanobodies, it is possible to link
them by use of a linker with three or more “arms”, which
each “arm” being linked to a Nanobody, so as to provide a
“star-shaped” construct. It is also possible, although usually
less preferred, to use circular constructs.

The invention also comprises derivatives of the polypep-
tides of the invention, which may be essentially analogous
to the derivatives of the Nanobodies of the invention, i.e. as
described herein.

The invention also comprises proteins or polypeptides
that “essentially consist” of a polypeptide of the invention
(in which the wording “essentially consist of” has essentially
the same meaning as indicated hereinabove).

According to one embodiment of the invention, the poly-
peptide of the invention is in essentially isolated from, as
defined herein.

The amino acid sequences, Nanobodies, polypeptides and
nucleic acids of the invention can be prepared in a manner
known per se, as will be clear to the skilled person from the
further description herein. For example, the Nanobodies and
polypetides of the invention can be prepared in any manner
known per se for the preparation of antibodies and in
particular for the preparation of antibody fragments (includ-
ing but not limited to (single) domain antibodies and ScFv
fragments). Some preferred, but non-limiting methods for
preparing the amino acid sequences, Nanobodies, polypep-
tides and nucleic acids include the methods and techniques
described herein.

As will be clear to the skilled person, one particularly
useful method for preparing an amino acid sequence, Nano-
body and/or a polypeptide of the invention generally com-
prises the steps of:

the expression, in a suitable host cell or host organism

(also referred to herein as a “host of the invention™) or
in another suitable expression system of a nucleic acid
that encodes said amino acid sequence, Nanobody or
polypeptide of the invention (also referred to herein as
a “nucleic acid of the invention”), optionally followed
by:

isolating and/or purifying the amino acid sequence, Nano-

body or polypeptide of the invention thus obtained.

In particular, such a method may comprise the steps of:

cultivating and/or maintaining a host of the invention

under conditions that are such that said host of the
invention expresses and/or produces at least one amino
acid sequence, Nanobody and/or polypeptide of the
invention; optionally followed by:

isolating and/or purifying the amino acid sequence, Nano-

body or polypeptide of the invention thus obtained.

A nucleic acid of the invention can be in the form of single
or double stranded DNA or RNA, and is preferably in the
form of double stranded DNA. For example, the nucleotide
sequences of the invention may be genomic DNA, cDNA or
synthetic DNA (such as DNA with a codon usage that has
been specifically adapted for expression in the intended host
cell or host organism).

According to one embodiment of the invention, the
nucleic acid of the invention is in essentially isolated from,
as defined herein.

The nucleic acid of the invention may also be in the form
of, be present in and/or be part of a vector, such as for
example a plasmid, cosmid or YAC, which again may be in
essentially isolated form.

The nucleic acids of the invention can be prepared or
obtained in a manner known per se, based on the information
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on the amino acid sequences for the polypeptides of the
invention given herein, and/or can be isolated from a suit-
able natural source. To provide analogs, nucleotide
sequences encoding naturally occurring V,,; domains can
for example be subjected to site-directed mutagenesis, so at
to provide a nucleic acid of the invention encoding said
analog. Also, as will be clear to the skilled person, to prepare
a nucleic acid of the invention, also several nucleotide
sequences, such as at least one nucleotide sequence encod-
ing a Nanobody and for example nucleic acids encoding one
or more linkers can be linked together in a suitable manner.
Techniques for generating the nucleic acids of the inven-
tion will be clear to the skilled person and may for instance
include, but are not limited to, automated DNA synthesis;
site-directed mutagenesis; combining two or more naturally
occurring and/or synthetic sequences (or two or more parts
thereof), introduction of mutations that lead to the expres-
sion of a truncated expression product; introduction of one
or more restriction sites (e.g. to create cassettes and/or
regions that may easily be digested and/or ligated using
suitable restriction enzymes), and/or the introduction of
mutations by means of a PCR reaction using one or more
“mismatched” primers, using for example a sequence of a
naturally occurring GPCR ???? as a template. These and
other techniques will be clear to the skilled person, and
reference is again made to the standard handbooks, such as
Sambrook et al. and Ausubel et al., mentioned above, as well
as the Examples below.
The nucleic acid of the invention may also be in the form
of, be present in and/or be part of a genetic construct, as will
be clear to the person skilled in the art. Such genetic
constructs generally comprise at least one nucleic acid of the
invention that is optionally linked to one or more elements
of genetic constructs known per se, such as for example one
or more suitable regulatory elements (such as a suitable
promoter(s), enhancer(s), terminator(s), etc.) and the further
elements of genetic constructs referred to herein. Such
genetic constructs comprising at least one nucleic acid of the
invention will also be referred to herein as “genetic con-
structs of the invention”.
The genetic constructs of the invention may be DNA or
RNA, and are preferably double-stranded DNA. The genetic
constructs of the invention may also be in a form suitable for
transformation of the intended host cell or host organism, in
a form suitable for integration into the genomic DNA of the
intended host cell or in a form suitable for independent
replication, maintenance and/or inheritance in the intended
host organism. For instance, the genetic constructs of the
invention may be in the form of a vector, such as for example
a plasmid, cosmid, YAC, a viral vector or transposon. In
particular, the vector may be an expression vector, i.e. a
vector that can provide for expression in vitro and/or in vivo
(e.g. in a suitable host cell, host organism and/or expression
system).
In a preferred but non-limiting embodiment, a genetic
construct of the invention comprises
a) at least one nucleic acid of the invention; operably
connected to
b) one or more regulatory elements, such as a promoter and
optionally a suitable terminator;

and optionally also

¢) one or more further elements of genetic constructs known
per se;

in which the terms “regulatory element”, “promoter”,
“terminator” and “operably connected” have their usual
meaning in the art (as further described herein); and in which
said “further elements” present in the genetic constructs may
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for example be 3'- or 5'-UTR sequences, leader sequences,
selection markers, expression markers/reporter genes, and/
or elements that may facilitate or increase (the efficiency of)
transformation or integration. These and other suitable ele-
ments for such genetic constructs will be clear to the skilled
person, and may for instance depend upon the type of
construct used, the intended host cell or host organism; the
manner in which the nucleotide sequences of the invention
of interest are to be expressed (e.g. via constitutive, transient
or inducible expression); and/or the transformation tech-
nique to be used. For example, regulatory requences, pro-
moters and terminators known per se for the expression and
production of antibodies and antibody fragments (including
but not limited to (single) domain antibodies and ScFv
fragments) may be used in an essentially analogous manner.

Preferably, in the genetic constructs of the invention, said
at least one nucleic acid of the invention and said regulatory
elements, and optionally said one or more further elements,
are “operably linked” to each other, by which is generally
meant that they are in a functional relationship with each
other. For instance, a promoter is considered “operably
linked” to a coding sequence if said promoter is able to
initiate or otherwise control/regulate the transcription and/or
the expression of a coding sequence (in which said coding
sequence should be understood as being “under the control
of” said promotor). Generally, when two nucleotide
sequences are operably linked, they will be in the same
orientation and usually also in the same reading frame. They
will usually also be essentially contiguous, although this
may also not be required.

Preferably, the regulatory and further elements of the
genetic constructs of the invention are such that they are
capable of providing their intended biological function in the
intended host cell or host organism.

For instance, a promoter, enhancer or terminator should
be “operable” in the intended host cell or host organism, by
which is meant that (for example) said promoter should be
capable of initiating or otherwise controlling/regulating the
transcription and/or the expression of a nucleotide
sequence—e.g. a coding sequence—to which it is operably
linked (as defined herein).

Some particularly preferred promoters include, but are not
limited to, promoters known per se for the expression in the
host cells mentioned herein; and in particular promoters for
the expression in the bacterial cells, such as those mentioned
herein and/or those used in the Examples.

A selection marker should be such that it allows—i.e.
under appropriate selection conditions—host cells and/or
host organisms that have been (successfully) transformed
with the nucleotide sequence of the invention to be distin-
guished from host cells/organisms that have not been (suc-
cessfully) transformed. Some preferred, but non-limiting
examples of such markers are genes that provide resistance
against antibiotics (such as kanamycin or ampicillin), genes
that provide for temperature resistance, or genes that allow
the host cell or host organism to be maintained in the
absence of certain factors, compounds and/or (food) com-
ponents in the medium that are essential for survival of the
non-transformed cells or organisms.

A leader sequence should be such that—in the intended
host cell or host organism—it allows for the desired post-
translational modifications and/or such that it directs the
transcribed mRNA to a desired part or organelle of a cell. A
leader sequence may also allow for secretion of the expres-
sion product from said cell. As such, the leader sequence
may be any pro-, pre-, or prepro-sequence operable in the
host cell or host organism. Leader sequences may not be
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required for expression in a bacterial cell. For example,
leader sequences known per se for the expression and
production of antibodies and antibody fragments (including
but not limited to single domain antibodies and ScFv frag-
ments) may be used in an essentially analogous manner.

An expression marker or reporter gene should be such
that—in the host cell or host organism—it allows for detec-
tion of the expression of (a gene or nucleotide sequence
present on) the genetic construct. An expression marker may
optionally also allow for the localisation of the expressed
product, e.g. in a specific part or organelle of a cell and/or
in (a) specific cell(s), tissue(s), organ(s) or part(s) of a
multicellular organism. Such reporter genes may also be
expressed as a protein fusion with the amino acid sequence
of'the invention. Some preferred, but non-limiting examples
include fluorescent proteins such as GFP.

Some preferred, but non-limiting examples of suitable
promoters, terminator and further elements include those
that can be used for the expression in the host cells men-
tioned herein; and in particular those that are suitable for
expression in bacterial cells, such as those mentioned herein
and/or those used in the Examples below. For some (further)
non-limiting examples of the promoters, selection markers,
leader sequences, expression markers and further elements
that may be present/used in the genetic constructs of the
invention—such as terminators, transcriptional and/or trans-
lational enhancers and/or integration factors—reference is
made to the general handbooks such as Sambrook et al. and
Ausubel et al. mentioned above, as well as to the examples
that are given in WO 95/07463, WO 96/23810, WO
95/07463, WO 95/21191, WO 97/11094, WO 97/42320,
WO 98/06737, WO 98/21355, U.S. Pat. Nos. 7,207,410,
5,693,492 and EP 1 085 089. Other examples will be clear
to the skilled person. Reference is also made to the general
background art cited above and the further references cited
herein.

The genetic constructs of the invention may generally be
provided by suitably linking the nucleotide sequence(s) of
the invention to the one or more further elements described
above, for example using the techniques described in the
general handbooks such as Sambrook et al. and Ausubel et
al., mentioned above.

Often, the genetic constructs of the invention will be
obtained by inserting a nucleotide sequence of the invention
in a suitable (expression) vector known per se. Some pre-
ferred, but non-limiting examples of suitable expression
vectors are those used in the Examples below, as well as
those mentioned herein.

The nucleic acids of the invention and/or the genetic
constructs of the invention may be used to transform a host
cell or host organism, i.e. for expression and/or production
of the amino acid sequence, Nanobody or polypeptide of the
invention. Suitable hosts or host cells will be clear to the
skilled person, and may for example be any suitable fungal,
prokaryotic or eukaryotic cell or cell line or any suitable
fungal, prokaryotic or eukaryotic organism, for example:

a bacterial strain, including but not limited to gram-
negative strains such as strains of Escherichia coli; of
Proteus, for example of Proteus mirabilis; of
Pseudomonas, for example of Pseudomonas fluore-
scens; and gram-positive strains such as strains of
Bacillus, for example of Bacillus subtilis or of Bacillus
brevis; of Streptomyces, for example of Streptomyces
lividans; of Staphylococcus, for example of Staphylo-
coccus carnosus; and of Lactococcus, for example of
Lactococcus lactis;
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a fungal cell, including but not limited to cells from
species of Trichoderma, for example from Trichoderma
reesei;, of Neurospora, for example from Neurospora
crassa; of Sordaria, for example from Sordaria mac-
rospora; of Aspergillus, for example from Aspergillus
niger or from Aspergillus sojae; or from other filamen-
tous fungi;

ayeast cell, including but not limited to cells from species
of Saccharomyces, for example of Saccharomyces cer-
evisiae; of Schizosaccharomyces, for example of Schi-
zosaccharomyces pombe; of Pichia, for example of
Pichia pastoris or of Pichia methanolica; of Han-
senula, for example of Hansenula polymorpha; of
Kluyveromyces, for example of Kluyveromyces lactis;
of Arxula, for example of Arxula adeninivorans; of
Yarrowia, for example of Yarrowia lipolytica;

an amphibian cell or cell line, such as Xernopus oocytes;

an insect-derived cell or cell line, such as cells/cell lines
derived from lepidoptera, including but not limited to
Spodoptera SF9 and Sf21 cells or cells/cell lines
derived from Drosophila, such as Schneider and Kc
cells;

a plant or plant cell, for example in tobacco plants; and/or

a mammalian cell or cell line, for example a cell or cell
line derived from a human, a cell or a cell line from
mammals including but not limited to CHO-cells,
BHK-cells (for example BHK-21 cells) and human
cells or cell lines such as Hel.a, COS (for example
COS-7) and PER.C6 cells;

as well as all other hosts or host cells known per se for the
expression and production of antibodies and antibody frag-
ments (including but not limited to (single) domain antibod-
ies and ScFv fragments), which will be clear to the skilled
person. Reference is also made to the general background art
cited hereinabove, as well as to for example WO 94/29457;
WO 96/34103; WO 99/42077; Frenken et al., (1998), supra;
Riechmann and Muyldermans, (1999), supra; van der Lin-
den, (2000), supra; Thomassen et al., (2002), supra; Joosten
et al., (2003), supra; Joosten et al., (2005), supra; and the
further references cited herein.

The amino acid sequences, Nanobodies and polypeptides
of'the invention can also be introduced and expressed in one
or more cells, tissues or organs of a multicellular organism,
for example for prophylactic and/or therapeutic purposes
(e.g. as a gene therapy). For this purpose, the nucleotide
sequences of the invention may be introduced into the cells
or tissues in any suitable way, for example as such (e.g.
using liposomes) or after they have been inserted into a
suitable gene therapy vector (for example derived from
retroviruses such as adenovirus, or parvoviruses such as
adeno-associated virus). As will also be clear to the skilled
person, such gene therapy may be performed in vivo and/or
in situ in the body of a patient by administering a nucleic
acid of the invention or a suitable gene therapy vector
encoding the same to the patient or to specific cells or a
specific tissue or organ of the patient; or suitable cells (often
taken from the body of the patient to be treated, such as
explanted lymphocytes, bone marrow aspirates or tissue
biopsies) may be treated in vitro with a nucleotide sequence
of'the invention and then be suitably (re-)introduced into the
body of the patient. All this can be performed using gene
therapy vectors, techniques and delivery systems which are
well known to the skilled person, and for example described
in Culver, K. W.,; “Gene Therapy”, 1994, p. xii, Mary Ann
Liebert, Inc., Publishers, New York, N.Y.); Giordano, Nature
F Medicine 2 (1996), 534-539; Schaper, Circ. Res. 79
(1996), 911-919; Anderson, Science 256 (1992), 808-813;
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Verma, Nature 389 (1994), 239; Isner, Lancet 348 (1996),
370-374; Muhlhauser, Circ. Res. 77 (1995), 1077-1086;
Onodera, Blood 91; (1998), 30-36; Verma, Gene Ther. 5
(1998), 692-699; Nabel, Ann. N.Y. Acad. Sci.: 811 (1997),
289-292; Verzeletti, Hum. Gene Ther. 9 (1998), 2243-51;
Wang, Nature Medicine 2 (1996), 714-716; WO 94/29469;
WO 97/00957, U.S. Pat. Nos. 5,580,859; 5,589,546; or
Schaper, Current Opinion in Biotechnology 7 (1996), 635-
640. For example, in situ expression of ScFv fragments
(Afanasieva et al., Gene Ther., 10, 1850-1859 (2003)) and of
diabodies (Blanco et al., J. Immunol, 171, 1070-1077
(2003)) has been described in the art.

For expression of the Nanobodies in a cell, they may also
be expressed as so-called “intrabodies™, as for example
described in WO 94/02610, WO 95/22618 and U.S. Pat. No.
7,004,940, WO 03/014960; in Cattaneo, A. & Biocca, S.
(1997) Intracellular Antibodies: Development and Applica-
tions. Landes and Springer-Verlag; and in Kontermann,
Methods 34, (2004), 163-170.

The amino acid sequences, Nanobodies and polypeptides
of the invention can for example also be produced in the
milk of transgenic mammals, for example in the milk of
rabbits, cows, goats or sheep (see for example U.S. Pat. Nos.
6,741,957, 6,304,489 and 6,849,992 for general techniques
for introducing transgenes into mammals), in plants or parts
of plants including but not limited to their leaves, flowers,
fruits, seed, roots or turbers (for example in tobacco, maize,
soybean or alfalfa) or in for example pupae of the silkworm
Bombix mori.

Furthermore, the amino acid sequences, Nanobodies and
polypeptides of the invention can also be expressed and/or
produced in cell-free expression systems, and suitable
examples of such systems will be clear to the skilled person.
Some preferred, but non-limiting examples include expres-
sion in the wheat germ system; in rabbit reticulocyte lysates;
or in the E. coli Zubay system.

As mentioned above, one of the advantages of the use of
Nanobodies is that the polypeptides based thereon can be
prepared through expression in a suitable bacterial system,
and suitable bacterial expression systems, vectors, host cells,
regulatory elements, etc., will be clear to the skilled person,
for example from the references cited above. It should
however be noted that the invention in its broadest sense is
not limited to expression in bacterial systems.

Preferably, in the invention, an (in vivo or in vitro)
expression system, such as a bacterial expression system, is
used that provides the polypeptides of the invention in a
form that is suitable for pharmaceutical use, and such
expression systems will again be clear to the skilled person.
As also will be clear to the skilled person, polypeptides of
the invention suitable for pharmaceutical use can be pre-
pared using techniques for peptide synthesis.

For production on industrial scale, preferred heterologous
hosts for the (industrial) production of Nanobodies or Nano-
body-containing protein therapeutics include strains of E.
coli, Pichia pastoris, S. cerevisiae that are suitable for large
scale expression/production/fermentation, and in particular
for large scale pharmaceutical expression/production/fer-
mentation. Suitable examples of such strains will be clear to
the skilled person. Such strains and production/expression
systems are also made available by companies such as
Biovitrum (Uppsala, Sweden).

Alternatively, mammalian cell lines, in particular Chinese
hamster ovary (CHO) cells, can be used for large scale
expression/production/fermentation, and in particular for
large scale pharmaceutical expression/production/fermenta-
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tion. Again, such expression/production systems are also
made available by some of the companies mentioned above.

The choice of the specific expression system would
depend in part on the requirement for certain post-transla-
tional modifications, more specifically glycosylation. The
production of a Nanobody-containing recombinant protein
for which glycosylation is desired or required would neces-
sitate the use of mammalian expression hosts that have the
ability to glycosylate the expressed protein. In this respect,
it will be clear to the skilled person that the glycosylation
pattern obtained (i.e. the kind, number and position of
residues attached) will depend on the cell or cell line that is
used for the expression. Preferably, either a human cell or
cell line is used (i.e. leading to a protein that essentially has
a human glycosylation pattern) or another mammalian cell
line is used that can provide a glycosylation pattern that is
essentially and/or functionally the same as human glycosy-
lation or at least mimics human glycosylation. Generally,
prokaryotic hosts such as E. coli do not have the ability to
glycosylate proteins, and the use of lower eukaryotes such as
yeast usually leads to a glycosylation pattern that differs
from human glycosylation. Nevertheless, it should be under-
stood that all the foregoing host cells and expression systems
can be used in the invention, depending on the desired amino
acid sequence, Nanobody or polypeptide to be obtained.

Thus, according to one non-limiting embodiment of the
invention, the amino acid sequence, Nanobody or polypep-
tide of the invention is glycosylated. According to another
non-limiting embodiment of the invention, the amino acid
sequence, Nanobody or polypeptide of the invention is
non-glycosylated.

According to one preferred, but non-limiting embodiment
of the invention, the amino acid sequence, Nanobody or
polypeptide of the invention is produced in a bacterial cell,
in particular a bacterial cell suitable for large scale pharma-
ceutical production, such as cells of the strains mentioned
above.

According to another preferred, but non-limiting embodi-
ment of the invention, the amino acid sequence, Nanobody
or polypeptide of the invention is produced in a yeast cell,
in particular a yeast cell suitable for large scale pharmaceu-
tical production, such as cells of the species mentioned
above.

According to yet another preferred, but non-limiting
embodiment of the invention, the amino acid sequence,
Nanobody or polypeptide of the invention is produced in a
mammalian cell, in particular in a human cell or in a cell of
a human cell line, and more in particular in a human cell or
in a cell of a human cell line that is suitable for large scale
pharmaceutical production, such as the cell lines mentioned
hereinabove.

When expression in a host cell is used to produce the
amino acid sequences, Nanobodies and the polypeptides of
the invention, the amino acid sequencesn Nanobodies and
polypeptides of the invention can be produced either intra-
cellullarly (e.g. in the cytosol, in the periplasma or in
inclusion bodies) and then isolated from the host cells and
optionally further purified; or can be produced extracellu-
larly (e.g. in the medium in which the host cells are cultured)
and then isolated from the culture medium and optionally
further purified. When eukaryotic host cells are used, extra-
cellular production is usually preferred since this consider-
ably facilitates the further isolation and downstream pro-
cessing of the Nanobodies and proteins obtained. Bacterial
cells such as the strains of E. coli mentioned above normally
do not secrete proteins extracellularly, except for a few
classes of proteins such as toxins and hemolysin, and
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secretory production in E. coli refers to the translocation of
proteins across the inner membrane to the periplasmic space.
Periplasmic production provides several advantages over
cytosolic production. For example, the N-terminal amino
acid sequence of the secreted product can be identical to the
natural gene product after cleavage of the secretion signal
sequence by a specific signal peptidase. Also, there appears
to be much less protease activity in the periplasm than in the
cytoplasm. In addition, protein purification is simpler due to
fewer contaminating proteins in the periplasm. Another
advantage is that correct disulfide bonds may form because
the periplasm provides a more oxidative environment than
the cytoplasm. Proteins overexpressed in E. coli are often
found in insoluble aggregates, so-called inclusion bodies.
These inclusion bodies may be located in the cytosol or in
the periplasm; the recovery of biologically active proteins
from these inclusion bodies requires a denaturation/refold-
ing process. Many recombinant proteins, including thera-
peutic proteins, are recovered from inclusion bodies. Alter-
natively, as will be clear to the skilled person, recombinant
strains of bacteria that have been genetically modified so as
to secrete a desired protein, and in particular a amino acid
sequence, Nanobody or a polypeptide of the invention, can
be used.
Thus, according to one non-limiting embodiment of the
invention, the amino acid sequence, Nanobody or polypep-
tide of the invention is an amino acid sequence, Nanobody
or polypeptide that has been produced intracellularly and
that has been isolated from the host cell, and in particular
from a bacterial cell or from an inclusion body in a bacterial
cell. According to another non-limiting embodiment of the
invention, the amino acid sequence, Nanobody or polypep-
tide of the invention is an amino acid sequence, Nanobody
or polypeptide that has been produced extracellularly, and
that has been isolated from the medium in which the host
cell is cultivated.
Some preferred, but non-limiting promoters for use with
these host cells include,
for expression in E. coli: lac promoter (and derivatives
thereof such as the lacUV5 promoter); arabinose pro-
moter; left- (PL) and rightward (PR) promoter of phage
lambda; promoter of the trp operon; hybrid lac/trp
promoters (tac and trc); T7-promoter (more specifically
that of T7-phage gene 10) and other T-phage promot-
ers; promoter of the Tn10 tetracycline resistance gene;
engineered variants of the above promoters that include
one or more copies of an extraneous regulatory opera-
tor sequence;
for expression in S. cerevisiae: constitutive: ADHI (alco-
hol dehydrogenase 1), ENO (enolase), CYC1 (cy-
tochrome ¢ iso-1), GAPDH (glyceraldehydes-3-phos-
phate dehydrogenase), PGK1 (phosphoglycerate
kinase), PYK1 (pyruvate kinase); regulated: GALI1,
10,7 (galactose metabolic enzymes), ADH2 (alcohol
dehydrogenase 2), PHOS (acid phosphatase), CUP1
(copper metallothionein); heterologous: CaMV (cauli-
flower mosaic virus 35S promoter);
for expression in Pichia pastoris: the AOX1 promoter
(alcohol oxidase I);

for expression in mammalian cells: human cytomegalo-
virus (hCMV) immediate early enhancer/promoter;
human cytomegalovirus (hCMV) immediate early pro-
moter variant that contains two tetracycline operator
sequences such that the promoter can be regulated by
the Tet repressor; Herpes Simplex Virus thymidine
kinase (TK) promoter; Rous Sarcoma Virus long ter-
minal repeat (RSV LTR) enhancer/promoter; elonga-
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tion factor 1o (hEF-1a) promoter from human, chim-
panzee, mouse or rat; the SV40 early promoter; HIV-1
long terminal repeat promoter; [}-actin promoter;
Some preferred, but non-limiting vectors for use with
these host cells include:
vectors for expression in mammalian cells: pMAMneo
(Clontech), pcDNA3 (Invitrogen), pMClneo (Strata-
gene), pSGS (Stratagene), EBO-pSV2-neo (ATCC
37593), pBPV-1 (8-2) (ATCC 37110), pdBPV-MMT-
neo (342-12) (ATCC 37224), pRSVgpt (ATCC37199),
pRSVneo (ATCC37198), pSV2-dhir (ATCC 37146),
pUCTag (ATCC 37460) and 1ZD35 (ATCC 37565), as
well as viral-based expression systems, such as those
based on adenovirus;
vectors for expression in bacterial cells: pET vectors
(Novagen) and pQE vectors (Qiagen);

vectors for expression in yeast or other fungal cells:
pYES2 (Invitrogen) and Pichia expression vectors (In-
vitrogen);

vectors for expression in insect cells: pBlueBacll (Invit-

rogen) and other baculovirus vectors

vectors for expression in plants or plant cells: for example

vectors based on cauliflower mosaic virus or tobacco
mosaic virus, suitable strains of Agrobacterium, or
Ti-plasmid based vectors.

Some preferred, but non-limiting secretory sequences for
use with these host cells include:

for use in bacterial cells such as E. coli: PelB, Bla, OmpA,

OmpC, OmpF, OmpT, Sill, PhoA, PhoE, MalE, Lpp,
LamB, and the like; TAT signal peptide, hemolysin
C-terminal secretion signal;

for use in yeast: a-mating factor prepro-sequence, phos-

phatase (phol), invertase (Suc), etc.,

for use in mammalian cells: indigenous signal in case the

target protein is of eukaryotic origin; murine Ig K-chain
V-12-C signal peptide; etc.

Suitable techniques for transforming a host or host cell of
the invention will be clear to the skilled person and may
depend on the intended host cell/host organism and the
genetic construct to be used. Reference is again made to the
handbooks and patent applications mentioned above.

After transformation, a step for detecting and selecting
those host cells or host organisms that have been succesfully
transformed with the nucleotide sequence/genetic construct
of the invention may be performed. This may for instance be
a selection step based on a selectable marker present in the
genetic construct of the invention or a step involving the
detection of the amino acid sequence of the invention, e.g.
using specific antibodies.

The transformed host cell (which may be in the form or
a stable cell line) or host organisms (which may be in the
form of a stable mutant line or strain) form further aspects
of the present invention.

Preferably, these host cells or host organisms are such that
they express, or are (at least) capable of expressing (e.g.
under suitable conditions), an amino acid sequence, Nano-
body or polypeptide of the invention (and in case of a host
organism: in at least one cell, part, tissue or organ thereof).
The invention also includes further generations, progeny
and/or offspring of the host cell or host organism of the
invention, that may for instance be obtained by cell division
or by sexual or asexual reproduction.

To produce/obtain expression of the amino acid sequences
of the invention, the transformed host cell or transformed
host organism may generally be kept, maintained and/or
cultured under conditions such that the (desired) amino acid
sequence, Nanobody or polypeptide of the invention is
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expressed/produced. Suitable conditions will be clear to the
skilled person and will usually depend upon the host cell/
host organism used, as well as on the regulatory elements
that control the expression of the (relevant) nucleotide
sequence of the invention. Again, reference is made to the
handbooks and patent applications mentioned above in the
paragraphs on the genetic constructs of the invention.

Generally, suitable conditions may include the use of a
suitable medium, the presence of a suitable source of food
and/or suitable nutrients, the use of a suitable temperature,
and optionally the presence of a suitable inducing factor or
compound (e.g. when the nucleotide sequences of the inven-
tion are under the control of an inducible promoter); all of
which may be selected by the skilled person. Again, under
such conditions, the amino acid sequences of the invention
may be expressed in a constitutive manner, in a transient
manner, or only when suitably induced.

It will also be clear to the skilled person that the amino
acid sequence, Nanobody or polypeptide of the invention
may (first) be generated in an immature form (as mentioned
above), which may then be subjected to post-translational
modification, depending on the host cell/host organism used.
Also, the amino acid sequence, Nanobody or polypeptide of
the invention may be glycosylated, again depending on the
host cell/host organism used.

The amino acid sequence, Nanobody or polypeptide of
the invention may then be isolated from the host cell/host
organism and/or from the medium in which said host cell or
host organism was cultivated, using protein isolation and/or
purification techniques known per se, such as (preparative)
chromatography and/or electrophoresis techniques, differ-
ential precipitation techniques, affinity techniques (e.g.
using a specific, cleavable amino acid sequence fused with
the amino acid sequence, Nanobody or polypeptide of the
invention) and/or preparative immunological techniques
(i.e. using antibodies against the amino acid sequence to be
isolated).

Generally, for pharmaceutical use, the polypeptides of the
invention may be formulated as a pharmaceutical prepara-
tion or compositions comprising at least one polypeptide of
the invention and at least one pharmaceutically acceptable
carrier, diluent or excipient and/or adjuvant, and optionally
one or more further pharmaceutically active polypeptides
and/or compounds. By means of non-limiting examples,
such a formulation may be in a form suitable for oral
administration, for parenteral administration (such as by
intravenous, intramuscular or subcutaneous injection or
intravenous infusion), for topical administration, for admin-
istration by inhalation, by a skin patch, by an implant, by a
suppository, etc. Such suitable administration forms—which
may be solid, semi-solid or liquid, depending on the manner
of administration—as well as methods and carriers for use in
the preparation thereof, will be clear to the skilled person,
and are further described herein.

Thus, in a further aspect, the invention relates to a
pharmaceutical composition that contains at least one amino
acid of the invention, at least one Nanobody of the invention
or at least one polypeptide of the invention and at least one
suitable carrier, diluent or excipient (i.e. suitable for phar-
maceutical use), and optionally one or more further active
substances.

Generally, the amino acid sequences, Nanobodies and
polypeptides of the invention can be formulated and admin-
istered in any suitable manner known per se, for which
reference is for example made to the general background art
cited above (and in particular to WO 04/041862, WO
04/041863, WO 04/041865 and WO 04/041867) as well as
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to the standard handbooks, such as Remington’s Pharma-
ceutical Sciences, 18” Ed., Mack Publishing Company,
USA (1990) or Remington, the Science and Practice of
Pharmacy, 21th Edition, Lippincott Williams and Wilkins
(2005).

For example, the amino acid sequences, Nanobodies and
polypeptides of the invention may be formulated and admin-
istered in any manner known per se for conventional anti-
bodies and antibody fragments (including ScFv’s and dia-
bodies) and other pharmaceutically active proteins. Such
formulations and methods for preparing the same will be
clear to the skilled person, and for example include prepa-
rations suitable for parenteral administration (for example
intravenous, intraperitoneal, subcutaneous, intramuscular,
intraluminal, intra-arterial or intrathecal administration) or
for topical (i.e. transdermal or intradermal) administration.

Preparations for parenteral administration may for
example be sterile solutions, suspensions, dispersions or
emulsions that are suitable for infusion or injection. Suitable
carriers or diluents for such preparations for example
include, without limitation, sterile water and aqueous buffers
and solutions such as physiological phosphate-buffered
saline, Ringer’s solutions, dextrose solution, and Hank’s
solution; water oils; glycerol; ethanol; glycols such as pro-
pylene glycol or as well as mineral oils, animal oils and
vegetable oils, for example peanut oil, soybean oil, as well
as suitable mixtures thereof. Usually, aqueous solutions or
suspensions will be preferred.

The amino acid sequences, Nanobodies and polypeptides
of'the invention can also be administered using gene therapy
methods of delivery. See, e.g., U.S. Pat. No. 5,399,346,
which is incorporated by reference in its entirety. Using a
gene therapy method of delivery, primary cells transfected
with the gene encoding an amino acid sequence, Nanobody
or polypeptide of the invention can additionally be trans-
fected with tissue specific promoters to target specific
organs, tissue, grafts, tumors, or cells and can additionally be
transfected with signal and stabilization sequences for sub-
cellularly localized expression.

Thus, the amino acid sequences, Nanobodies and poly-
peptides of the invention may be systemically administered,
e.g., orally, in combination with a pharmaceutically accept-
able vehicle such as an inert diluent or an assimilable edible
carrier. They may be enclosed in hard or soft shell gelatin
capsules, may be compressed into tablets, or may be incor-
porated directly with the food of the patient’s diet. For oral
therapeutic administration, the amino acid sequences, Nano-
bodies and polypeptides of the invention may be combined
with one or more excipients and used in the form of
ingestible tablets, buccal tablets, troches, capsules, elixirs,
suspensions, syrups, wafers, and the like. Such compositions
and preparations should contain at least 0.1% of the amino
acid sequence, Nanobody or polypeptide of the invention.
Their percentage in the compositions and preparations may,
of course, be varied and may conveniently be between about
2 to about 60% of the weight of a given unit dosage form.
The amount of the amino acid sequence, Nanobody or
polypeptide of the invention in such therapeutically useful
compositions is such that an effective dosage level will be
obtained.

The tablets, troches, pills, capsules, and the like may also
contain the following: binders such as gum tragacanth,
acacia, corn starch or gelatin; excipients such as dicalcium
phosphate; a disintegrating agent such as corn starch, potato
starch, alginic acid and the like; a lubricant such as magne-
sium stearate; and a sweetening agent such as sucrose,
fructose, lactose or aspartame or a flavoring agent such as

20

40

45

55

60

108

peppermint, oil of wintergreen, or cherry flavoring may be
added. When the unit dosage form is a capsule, it may
contain, in addition to materials of the above type, a liquid
carrier, such as a vegetable oil or a polyethylene glycol.
Various other materials may be present as coatings or to
otherwise modify the physical form of the solid unit dosage
form. For instance, tablets, pills, or capsules may be coated
with gelatin, wax, shellac or sugar and the like. A syrup or
elixir may contain the amino acid sequences, Nanobodies
and polypeptides of the invention, sucrose or fructose as a
sweetening agent, methyl and propylparabens as preserva-
tives, a dye and flavoring such as cherry or orange flavor. Of
course, any material used in preparing any unit dosage form
should be pharmaceutically acceptable and substantially
non-toxic in the amounts employed. In addition, the amino
acid sequences, Nanobodies and polypeptides of the inven-
tion may be incorporated into sustained-release preparations
and devices.

Preparations and formulations for oral administration may
also be provided with an enteric coating that will allow the
constructs of the invention to resist the gastric environment
and pass into the intestines. More generally, preparations
and formulations for oral administration may be suitably
formulated for delivery into any desired part of the gastro-
intestinal tract. In addition, suitable suppositories may be
used for delivery into the gastrointestinal tract.

The amino acid sequences, Nanobodies and polypeptides
of the invention may also be administered intravenously or
intraperitoneally by infusion or injection. Solutions of the
amino acid sequences, Nanobodies and polypeptides of the
invention or their salts can be prepared in water, optionally
mixed with a nontoxic surfactant. Dispersions can also be
prepared in glycerol, liquid polyethylene glycols, triacetin,
and mixtures thereof and in oils. Under ordinary conditions
of storage and use, these preparations contain a preservative
to prevent the growth of microorganisms.

The pharmaceutical dosage forms suitable for injection or
infusion can include sterile aqueous solutions or dispersions
or sterile powders comprising the active ingredient which
are adapted for the extemporaneous preparation of sterile
injectable or infusible solutions or dispersions, optionally
encapsulated in liposomes. In all cases, the ultimate dosage
form must be sterile, fluid and stable under the conditions of
manufacture and storage. The liquid carrier or vehicle can be
a solvent or liquid dispersion medium comprising, for
example, water, ethanol, a polyol (for example, glycerol,
propylene glycol, liquid polyethylene glycols, and the like),
vegetable oils, nontoxic glyceryl esters, and suitable mix-
tures thereof. The proper fluidity can be maintained, for
example, by the formation of liposomes, by the maintenance
of the required particle size in the case of dispersions or by
the use of surfactants. The prevention of the action of
microorganisms can be brought about by various antibacte-
rial and antifungal agents, for example, parabens, chlorobu-
tanol, phenol, sorbic acid, thimerosal, and the like. In many
cases, it will be preferable to include isotonic agents, for
example, sugars, buffers or sodium chloride. Prolonged
absorption of the injectable compositions can be brought
about by the use in the compositions of agents delaying
absorption, for example, aluminum monostearate and gela-
tin.

Sterile injectable solutions are prepared by incorporating
the amino acid sequences, Nanobodies and polypeptides of
the invention in the required amount in the appropriate
solvent with various of the other ingredients enumerated
above, as required, followed by filter sterilization. In the
case of sterile powders for the preparation of sterile inject-
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able solutions, the preferred methods of preparation are
vacuum drying and the freeze drying techniques, which
yield a powder of the active ingredient plus any additional
desired ingredient present in the previously sterile-filtered
solutions.

For topical administration, the amino acid sequences,
Nanobodies and polypeptides of the invention may be
applied in pure form, i.e., when they are liquids. However,
it will generally be desirable to administer them to the skin
as compositions or formulations, in combination with a
dermatologically acceptable carrier, which may be a solid or
a liquid.

Usetul solid carriers include finely divided solids such as
talc, clay, microcrystalline cellulose, silica, alumina and the
like. Useful liquid carriers include water, hydroxyalkyls or
glycols or water-alcohol/glycol blends, in which the amino
acid sequences, Nanobodies and polypeptides of the inven-
tion can be dissolved or dispersed at effective levels, option-
ally with the aid of non-toxic surfactants. Adjuvants such as
fragrances and additional antimicrobial agents can be added
to optimize the properties for a given use. The resultant
liquid compositions can be applied from absorbent pads,
used to impregnate bandages and other dressings, or sprayed
onto the affected area using pump-type or aerosol sprayers.

Thickeners such as synthetic polymers, fatty acids, fatty
acid salts and esters, fatty alcohols, modified celluloses or
modified mineral materials can also be employed with liquid
carriers to form spreadable pastes, gels, ointments, soaps,
and the like, for application directly to the skin of the user.

Examples of useful dermatological compositions which
can be used to deliver the amino acid sequences, Nanobodies
and polypeptides of the invention to the skin are known to
the art; for example, see Jacquet et al. (U.S. Pat. No.
4,608,392), Geria (U.S. Pat. No. 4,992,478), Smith et al.
(U.S. Pat. No. 4,559,157) and Wortzman (U.S. Pat. No.
4,820,508).

Useful dosages of the amino acid sequences, Nanobodies
and polypeptides of the invention can be determined by
comparing their in vitro activity, and in vivo activity in
animal models. Methods for the extrapolation of effective
dosages in mice, and other animals, to humans are known to
the art; for example, see U.S. Pat. No. 4,938,949.

Generally, the concentration of the amino acid sequence,
Nanobodies and polypeptides of the invention in a liquid
composition, such as a lotion, will be from about 0.1-25
wt-%, preferably from about 0.5-10 wt-%. The concentra-
tion in a semi-solid or solid composition such as a gel or a
powder will be about 0.1-5 wt-%, preferably about 0.5-2.5
wt-%.

The amount of the amino acid sequences, Nanobodies and
polypeptides of the invention required for use in treatment
will vary not only with the particular amino acid sequence,
Nanobody or polypeptide selected but also with the route of
administration, the nature of the condition being treated and
the age and condition of the patient and will be ultimately at
the discretion of the attendant physician or clinician. Also
the dosage of the amino acid sequences, Nanobodies and
polypeptides of the invention varies depending on the target
cell, tumor, tissue, graft, or organ.

The desired dose may conveniently be presented in a
single dose or as divided doses administered at appropriate
intervals, for example, as two, three, four or more sub-doses
per day. The sub-dose itself may be further divided, e.g., into
a number of discrete loosely spaced administrations; such as
multiple inhalations from an insufflator or by application of
a plurality of drops into the eye.
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An administration regimen could include long-term, daily
treatment. By “long-term” is meant at least two weeks and
preferably, several weeks, months, or years of duration.
Necessary modifications in this dosage range may be deter-
mined by one of ordinary skill in the art using only routine
experimentation given the teachings herein. See Reming-
ton’s Pharmaceutical Sciences (Martin, E. W., ed. 4), Mack
Publishing Co., Easton, Pa. The dosage can also be adjusted
by the individual physician in the event of any complication.

In another aspect, the invention relates to a method for the
prevention and/or treatment of at least one IL-6R related
disorders, said method comprising administering, to a sub-
ject in need thereof, a pharmaceutically active amount of an
amino acid sequence of the invention, of a polypeptide of the
invention, and/or of a pharmaceutical composition compris-
ing the same.

In the context of the present invention, the term “preven-
tion and/or treatment” not only comprises preventing and/or
treating the disease, but also generally comprises preventing
the onset of the disease, slowing or reversing the progress of
disease, preventing or slowing the onset of one or more
symptoms associated with the disease, reducing and/or
alleviating one or more symptoms associated with the dis-
ease, reducing the severity and/or the duration of the disease
and/or of any symptoms associated therewith and/or pre-
venting a further increase in the severity of the disease
and/or of any symptoms associated therewith, preventing,
reducing or reversing any physiological damage caused by
the disease, and generally any pharmacological action that is
beneficial to the patient being treated.

The subject to be treated may be any warm-blooded
animal, but is in particular a mammal, and more in particular
a human being. As will be clear to the skilled person, the
subject to be treated will in particular be a person suffering
from, or at risk of, the diseases and disorders mentioned
herein.

The invention relates to a method for the prevention
and/or treatment of at least one disease or disorder that is
associated with IL-6R, with its biological or pharmacologi-
cal activity, and/or with the biological pathways or signal-
ling in which IL-6R is involved, said method comprising
administering, to a subject in need thereof, a pharmaceuti-
cally active amount of an amino acid sequence of the
invention, of a Nanobody of the invention, of a polypeptide
of the invention, and/or of a pharmaceutical composition
comprising the same. In particular, the invention relates to a
method for the prevention and/or treatment of at least one
disease or disorder that can be treated by modulating IL-6R,
its biological or pharmacological activity, and/or the bio-
logical pathways or signalling in which IL-6R is involved,
said method comprising administering, to a subject in need
thereof, a pharmaceutically active amount of an amino acid
sequence of the invention, of a Nanobody of the invention,
of'a polypeptide of the invention, and/or of a pharmaceutical
composition comprising the same. In particular, said phar-
maceutically effective amount may be an amount that is
sufficient to modulate IL-6R, its biological or pharmaco-
logical activity, and/or the biological pathways or signalling
in which IL-6R is involved

The invention also relates to a method for the prevention
and/or treatment of at least one disease or disorder that can
be prevented and/or treated by administering of an amino
acid sequence of the invention or polypeptide of the inven-
tion to a patient, said method comprising administering, to
a subject in need thereof, a pharmaceutically active amount
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of'an amino acid sequence of the invention, of a polypeptide
of the invention, and/or of a pharmaceutical composition
comprising the same.

More in particular, the invention relates to a method for
the prevention and/or treatment of at least one disease or
disorder chosen from the group consisting of the diseases
and disorders listed herein, said method comprising admin-
istering, to a subject in need thereof, a pharmaceutically
active amount of an amino acid sequence of the invention,
of'an amino acid sequence of the invention, of a polypeptide
of the invention, and/or of a pharmaceutical composition
comprising the same.

In another embodiment, the invention relates to a method
for immunotherapy, and in particular for passive immuno-
therapy, which method comprises administering, to a subject
suffering from or at risk of the diseases and disorders
mentioned herein, a pharmaceutically active amount of an
amino acid sequence of the invention, of an amino acid
sequence of the invention, of a polypeptide of the invention,
and/or of a pharmaceutical composition comprising the
same.

In the above methods, the amino acid sequences, Nano-
bodies and/or polypeptides of the invention and/or the
compositions comprising the same can be administered in
any suitable manner, depending on the specific pharmaceu-
tical formulation or composition to be used. Thus, the amino
acid sequences, Nanobodies and/or polypeptides of the
invention and/or the compositions comprising the same can
for example be administered orally, intraperitoneally (e.g.
intravenously, subcutaneously, intramuscularly, or via any
other route of administration that circumvents the gastroin-
testinal tract), intranasally, transdermally, topically, by
means of a suppository, by inhalation, again depending on
the specific pharmaceutical formulation or composition to be
used. The clinician will be able to select a suitable route of
administration and a suitable pharmaceutical formulation or
composition to be used in such administration, depending on
the disease or disorder to be prevented or treated and other
factorse well known to the clinician.

The amino acid sequences, Nanobodies and/or polypep-
tides of the invention and/or the compositions comprising
the same are administered according to a regime of treat-
ment that is suitable for preventing and/or treating the
disease or disorder to be prevented or treated. The clinician
will generally be able to determine a suitable treatment
regimen, depending on factors such as the disease or disor-
der to be prevented or treated, the severity of the disease to
be treated and/or the severity of the symptoms thereof, the
specific amino acid sequences, Nanobody or polypeptide of
the invention to be used, the specific route of administration
and farmaceutical formulation or composition to be used,
the age, gender, weight, diet, general condition of the
patient, and similar factors well known to the clinician.

Generally, the treatment regimen will comprise the
administration of one or more amino acid sequences, Nano-
bodies and/or polypeptides of the invention, or of one or
more compositions comprising the same, in one or more
pharmaceutically effective amounts or doses. The specific
amount(s) or doses to administered can be determined by the
clinician, again based on the factors cited above.

Generally, for the prevention and/or treatment of the
diseases and disorders mentioned herein and depending on
the specific disease or disorder to be treated, the potency of
the specific amino acid sequence, Nanobody and polypep-
tide of the invention to be used, the specific route of
administration and the specific pharmaceutical formulation
or composition used, the amino acid sequences, Nanobodies
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and polypeptides of the invention will generally be admin-
istered in an amount between 1 gram and 0.01 microgram
per kg body weight per day, preferably between 0.1 gram
and 0.1 microgram per kg body weight per day, such as
about 1, 10, 100 or 1000 microgram per kg body weight per
day, either continuously (e.g. by infusion), as a single daily
dose or as multiple divided doses during the day. The
clinician will generally be able to determine a suitable daily
dose, depending on the factors mentioned herein. It will also
be clear that in specific cases, the clinician may choose to
deviate from these amounts, for example on the basis of the
factors cited above and his expert judgment. Generally,
some guidance on the amounts to be administered can be
obtained from the amounts usually administered for com-
parable conventional antibodies or antibody fragments
against the same target administered via essentially the same
route, taking into account however differences in affinity/
avidity, efficacy, biodistribution, half-life and similar factors
well known to the skilled person.

Usually, in the above method, a single amino acid
sequence, Nanobody or polypeptide of the invention will be
used. It is however within the scope of the invention to use
two or more amino acid sequences, Nanobodies and/or
polypeptides of the invention in combination.

The amino acid sequences, Nanobodies and polypeptides
of the invention may also be used in combination with one
or more further pharmaceutically active compounds or prin-
ciples, i.e. as a combined treatment regimen, which may or
may not lead to a synergistic effect. Again, the clinician will
be able to select such further compounds or principles, as
well as a suitable combined treatment regimen, based on the
factors cited above and his expert judgement.

In particular, the amino acid sequences, Nanobodies and
polypeptides of the invention may be used in combination
with other pharmaceutically active compounds or principles
that are or can be used for the prevention and/or treatment
of the diseases and disorders cited herein, as a result of
which a synergistic effect may or may not be obtained.
Examples of such compounds and principles, as well as
routes, methods and pharmaceutical formulations or com-
positions for administering them will be clear to the clini-
cian.

When two or more substances or principles are to be used
as part of a combined treatment regimen, they can be
administered via the same route of administration or via
different routes of administration, at essentially the same
time or at different times (e.g. essentially simultaneously,
consecutively, or according to an alternating regime). When
the substances or principles are to be administered simulta-
neously via the same route of administration, they may be
administered as different pharmaceutical formulations or
compositions or part of a combined pharmaceutical formu-
lation or composition, as will be clear to the skilled person.

Also, when two or more active substances or principles
are to be used as part of a combined treatment regimen, each
of the substances or principles may be administered in the
same amount and according to the same regimen as used
when the compound or principle is used on its own, and such
combined use may or may not lead to a synergistic effect.
However, when the combined use of the two or more active
substances or principles leads to a synergistic effect, it may
also be possible to reduce the amount of one, more or all of
the substances or principles to be administered, while still
achieving the desired therapeutic action. This may for
example be useful for avoiding, limiting or reducing any
unwanted side-effects that are associated with the use of one
or more of the substances or principles when they are used
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in their usual amounts, while still obtaining the desired
pharmaceutical or therapeutic effect.

The effectiveness of the treatment regimen used according
to the invention may be determined and/or followed in any
manner known per se for the disease or disorder involved, as
will be clear to the clinician. The clinician will also be able,
where appropriate and on a case-by-case basis, to change or
modify a particular treatment regimen, so as to achieve the
desired therapeutic effect, to avoid, limit or reduce unwanted
side-effects, and/or to achieve an appropriate balance
between achieving the desired therapeutic effect on the one
hand and avoiding, limiting or reducing undesired side
effects on the other hand.

Generally, the treatment regimen will be followed until
the desired therapeutic effect is achieved and/or for as long
as the desired therapeutic effect is to be maintained. Again,
this can be determined by the clinician.

In another aspect, the invention relates to the use of an
amino acid sequence, Nanobody or polypeptide of the
invention in the preparation of a pharmaceutical composi-
tion for prevention and/or treatment of at least one IL-6R
related disorders.

The subject to be treated may be any warm-blooded
animal, but is in particular a mammal, and more in particular
a human being. As will be clear to the skilled person, the
subject to be treated will in particular be a person suffering
from, or at risk of, the diseases and disorders mentioned
herein.

The invention also relates to the use of an amino acid
sequence, Nanobody or polypeptide of the invention in the
preparation of a pharmaceutical composition for the preven-
tion and/or treatment of at least one disease or disorder that
can be prevented and/or treated by administering an amino
acid sequence, Nanobody or polypeptide of the invention to
a patient.

More in particular, the invention relates to the use of an
amino acid sequence, Nanobody or polypeptide of the
invention in the preparation of a pharmaceutical composi-
tion for the prevention and/or treatment of IL-6R related
disorders, and in particular for the prevention and treatment
of one or more of the diseases and disorders listed herein.

Again, in such a pharmaceutical composition, the one or
more amino acid sequences, Nanobodies or polypeptides of
the invention may also be suitably combined with one or
more other active principles, such as those mentioned
herein.

Finally, although the use of the Nanobodies of the inven-
tion (as defined herein) and of the polypeptides of the
invention is much preferred, it will be clear that on the basis
of the description herein, the skilled person will also be able
to design and/or generate, in an analogous manner, other
(single) domain antibodies against the IL-6 receptor, as well
as polypeptides comprising such (single) domain antibodies
(in which the terms “domain antibody” and “single domain
antibody” have their usual meaning in the art.

Thus, one further aspect of the invention relates to domain
antibodies or single domain antibodies against the IL-6
receptor, and to polypeptides that comprise at least one such
(single) domain antibody and/or that essentially consist of
such a (single) domain antibody.

In particular, such a (single) domain antibody against the
IL-6 receptor may comprise 3 CDR’s, in which said CDR’s
are as defined above for the Nanobodies of the invention.
For example, such (single) domain antibodies may be the
single domain antibodies known as “dAb’s”, which are for
example as described by Ward et al, supra, but which have
CDR’s that are as defined above for the Nanobodies of the
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invention. However, as mentioned above, the use of such
“dAb’s” will usually have several disadvantages compared
to the use of the corresponding Nanobodies of the invention.
Thus, any (single) domain antibodies against the IL.-6 recep-
tor according to this aspect of the invention will preferably
have framework regions that provide these (single) domain
antibodies against the IL-6 receptor with properties that
make them substantially equivalent to the Nanobodies of the
invention.

Thus, in its broadest sense, the invention relates to an
amino acid sequence that essentially consists of four frame-
work regions (FR1 to FR4, respectively) and three compli-
mentarity determining regions (CDR1 to CDR3, respec-
tively), and that is directed against (as defined herein) the
IL-6 receptor. Such an amino acid sequence preferably
contains between 80 and 200 amino acid residues, such as
between 90 and 150 amino acid residues, such as about
100-130 amino acid residues (although suitable fragments of
such an amino acid sequence—i.e. essentially as described
herein for the Nanobodies of the invention or equivalent
thereto—may also be used), and is preferably such that it
forms an immunoglobulin fold or such that, under suitable
conditions, it is capable of forming an immunoglobulin fold
(i.e. by suitable folding). The amino acid sequence is pref-
erably chosen from Nanobodies, domain antibodies, single
domain antibodies or “dAb’s”, and is most preferably a
Nanobody as defined herein. The CDR’s may be any suit-
able CDR’s (for which reference is made to the disclosure
herein), but are preferably as defined herein.

In further aspects, the invention also relates to proteins
and polypeptides that comprise at least one such amino acid
sequence; to nucleic acids encoding such amino acid
sequences, proteins and polypeptides; to methods for pre-
paring such amino acid sequences, proteins and polypep-
tides; to host cells expressing or capable of expressing such
amino acid sequences, proteins or polypeptides; to compo-
sitions, and in particular to pharmaceutical compositions,
that comprise such amino acid sequences, proteins, poly-
peptides, nucleic acids and/or host cells; and to uses of such
amino acid sequences, proteins, polypeptides, nucleic acids,
host cells and/or compositions, in particular for prophylac-
tic, therapeutic or diagnostic purposes, such as the prophy-
lactic, therapeutic or diagnostic purposes mentioned herein.
All these aspects will be clear to the skilled person based on
the disclosure herein, and may be essentially the same or
equivalent to the embodiments described herein for the
Nanobodies of the invention.

Such an amino acid sequence preferably contains between
80 and 200 amino acid residues, such as between 90 and 150
amino acid residues, such as about 100-130 amino acid
residues, although suitable fragments of such an amino acid
sequence (i.e. essentially as described herein for the Nano-
bodies of the invention or equivalent thereto) may also be
used.

Furthermore, it will also be clear to the skilled person that
it may be possible to “graft” one or more of the CDR’s
mentioned above for the Nanobodies of the invention onto
other “scaffolds”, including but not limited to human scaf-
folds or non-immunoglobulin scaffolds. Suitable scaffolds
and techniques for such CDR grafting will be clear to the
skilled person and are well known in the art, see for example
U.S. Pat. No. 7,180,370, WO 01/27160, EP 0 605 522, EP
0 460 167, U.S. Pat. No. 7,054,297, Nicaise et al., Protein
Science (2004), 13:1882-1891; Ewert et al., Methods, 2004
October; 34(2):184-199; Kettleborough et al., Protein Eng.
1991 October; 4(7): 773-783; O’Brien and Jones, Methods
Mol. Biol. 2003: 207: 81-100; and Skerra, J. Mol. Recognit.
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2000: 13: 167-187, and Saerens et al., J. Mol. Biol. 2005
Sep. 23; 352(3):597-607, and the further references cited
therein. For example, techniques known per se for grafting
mouse or rat CDR’s onto human frameworks and scaffolds
can be used in an analogous manner to provide chimeric
proteins comprising one or more of the CDR’s of the
Nanobodies of the invention and one or more human frame-
work regions or sequences.

Thus, in another embodiment, the invention comprises a
chimeric polypeptide comprising at least one CDR sequence
chosen from the group consisting of CDR1 sequences,
CDR2 sequences and CDR3 sequences mentioned herein for
the Nanobodies of the invention. Preferably, such a chimeric
polypeptide comprises at least one CDR sequence chosen
from the group consisting of the CDR3 sequences men-
tioned herein for the Nanobodies of the invention, and
optionally also at least one CDR sequence chosen from the
group consisting of the CDR1 sequences and CDR2
sequences mentioned herein for the Nanobodies of the
invention. For example, such a chimeric polypeptide may
comprise one CDR sequence chosen from the group con-
sisting of the CDR3 sequences mentioned herein for the
Nanobodies of the invention, one CDR sequence chosen
from the group consisting of the CDR1 sequences men-
tioned herein for the Nanobodies of the invention and one
CDR sequence chosen from the group consisting of the
CDR1 sequences and CDR2 sequences mentioned herein for
the Nanobodies of the invention. The combinations of
CDR’s that are mentioned herein as being preferred for the
Nanobodies of the invention will usually also be preferred
for these chimeric polypeptides.

In said chimeric polypeptides, the CDR’s may be linked
to further amino acid sequences sequences and/or may be
linked to each other via amino acid sequences, in which said
amino acid sequences are preferably framework sequences
or are amino acid sequences that act as framework
sequences, or together form a scaffold for presenting the
CDR’s. Reference is again made to the prior art mentioned
in the last paragraph. According to one preferred embodi-
ment, the amino acid sequences are human framework
sequences, for example V3 framework sequences. How-
ever, non-human, synthetic, semi-synthetic or non-immuno-
globulin framework sequences may also be used. Preferably,
the framework sequences used are such that (1) the chimeric
polypeptide is capable of binding the IL-6 receptor, i.e. with
an affinity that is at least 1%, preferably at least 5%, more
preferably at least 10%, such as at least 25% and up to 50%
or 90% or more of the affinity of the corresponding Nano-
body of the invention; (2) the chimeric polypeptide is
suitable for pharmaceutical use; and (3) the chimeric poly-
peptide is preferably essentially non-immunogenic under the
intended conditions for pharmaceutical use (i.e. indication,
mode of administration, dosis and treatment regimen)
thereof (which may be essentially analogous to the condi-
tions described herein for the use of the Nanobodies of the
invention).

According to one non-limiting embodiment, the chimeric
polypeptide comprises at least two CDR sequences (as
mentioned above) linked via at least one framework
sequence, in which preferably at least one of the two CDR
sequences is a CDR3 sequence, with the other CDR
sequence being a CDR1 or CDR2 sequence. According to a
preferred, but non-limiting embodiment, the chimeric poly-
peptide comprises at least two CDR sequences (as men-
tioned above) linked at least two framework sequences, in
which preferably at least one of the three CDR sequences is
a CDR3 sequence, with the other two CDR sequences being

10

15

20

25

30

35

40

45

50

55

60

65

116

CDR1 or CDR2 sequences, and preferably being one CDR1
sequence and one CDR2 sequence. According to one spe-
cifically preferred, but non-limiting embodiment, the chi-
meric polypeptides have the structure FR1'-CDR1-FR2'-
CDR2-FR3'-CDR3-FR4', in which CDR1, CDR2 and CDR3
are as defined herein for the CDR’s of the Nanobodies of the
invention, and FR1', FR2', FR3' and FR4' are framework
sequences. FR1', FR2', FR3' and FR4' may in particular be
Framework 1, Framework 2, Framework 3 and Framework
4 sequences, respectively, of a human antibody (such as V3
sequences) and/or parts or fragments of such Framework
sequences. It is also possible to use parts or fragments of a
chimeric polypeptide with the structure FR1'-CDR1-FR2'-
CDR2-FR3'-CDR3-FR4. Preferably, such parts or fragments
are such that they meet the criteria set out in the preceding
paragraph.

The invention also relates to proteins and polypeptides
comprising and/or essentially consisting of such chimeric
polypeptides, to nucleic acids encoding such proteins or
polypeptides; to methods for preparing such proteins and
polypeptides; to host cells expressing or capable of express-
ing such proteins or polypeptides; to compositions, and in
particular to pharmaceutical compositions, that comprise
such proteins or polypeptides, nucleic acids or host cells;
and to uses of such proteins or polypeptides, such nucleic
acids, such host cells and/or such compositions, in particular
for prophylactic, therapeutic or diagnostic purposes, such as
the prophylactic, therapeutic or diagnostic purposes men-
tioned herein. For example, such proteins, polypeptides,
nucleic acids, methods, host cells, compositions and uses
may be analogous to the proteins, polypeptides, nucleic
acids, methods, host cells, compositions and use described
herein for the Nanobodies of the invention.

It should also be noted that, when the Nanobodies of the
inventions contain one or more other CDR sequences than
the preferred CDR sequences mentioned above, these CDR
sequences can be obtained in any manner known per se, for
example from Nanobodies (preferred), V., domains from
conventional antibodies (and in particular from human anti-
bodies), heavy chain antibodies, conventional 4-chain anti-
bodies (such as conventional human 4-chain antibodies) or
other immunoglobulin sequences directed against the 1L-6
receptor. Such immunoglobulin sequences directed against
the IL-6 receptor can be generated in any manner known per
se, as will be clear to the skilled person, i.e. by immunization
with the 1L.-6 receptor or by screening a suitable library of
immunoglobulin sequences with the IL-6 receptor, or any
suitable combination thereof. Optionally, this may be fol-
lowed by techniques such as random or site-directed muta-
genesis and/or other techniques for affinity maturation
known per se. Suitable techniques for generating such
immunoglobulin sequences will be clear to the skilled
person, and for example include the screening techniques
reviewed by Hoogenboom, Nature Biotechnology, 23, 9,
1105-1116 (2005). Other techniques for generating immu-
noglobulins against a specified target include for example
the Nanoclone® technology (as for example described in the
published US patent application 2006-0211088), so-called
SLAM technology (as for example described in the Euro-
pean patent application 0 542 810), the use of transgenic
mice expressing human immunoglobulins or the well-
known hybridoma techniques (see for example Larrick et al,
Biotechnology, Vol. 7, 1989, p. 934). All these techniques
can be used to generate immunoglobulins against the 1L-6
receptor, and the CDR’s of such immunoglobulins can be
used in the Nanobodies of the invention, i.e. as outlined
above. For example, the sequence of such a CDR can be
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determined, synthesized and/or isolated, and inserted into
the sequence of a Nanobody of the invention (e.g. so as to
replace the corresponding native CDR), all using techniques
known per se such as those described herein, or Nanobodies
of the invention containing such CDR’s (or nucleic acids
encoding the same) can be synthesized de novo, again using
the techniques mentioned herein.

Further uses of the amino acid sequences, Nanobodies,
polypeptides, nucleic acids, genetic constructs and hosts and
host cells of the invention will be clear to the skilled person
based on the disclosure herein. For example, and without
limitation, the amino acid sequences of the invention can be
linked to a suitable carrier or solid support so as to provide
a medium than can be used in a manner known per se to
purity IL-6R from compositions and preparations compris-
ing the same. Derivatives of the amino acid sequences of the
invention that comprise a suitable detectable label can also
be used as markers to determine (qualitatively or quantita-
tively) the presence of IL.-6R in a composition or preparation
or as a marker to selectively detect the presence of IL.-6R on
the surface of a cell or tissue (for example, in combination
with suitable cell sorting techniques).

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be further described by means of
the following non-limiting examples and figures, in which
the Figures show:

FIG. 1 Analysis of immune response in llamas 81 and 82
by ELISA.

FIG. 2-FIG. 2E (FIG. 2: Panels A-D; FIG. 2A: Panels
E-G; FIG. 2B: Panels H-K; FIG. 2C: Panels L-O; FIG. 2D:
Panels P-S; FIG. 2E: Panels T-W) FACS analysis of immune
response in llamas 081 and 082.

FIG. 3 Schematic representation of Alphascreen assays
used to identify Nanobodies against the I[.6 binding site on
IL6R.

FIG. 4 SDS-PAGE of purified monovalent anti IL6R
Nanobodies. M=molecular weight markers. The identity of
the Nanobodies is shown on top of the gel.

FIG. 5A-FIG. 5B Protein sequences of anti-IL6R Nano-
bodies.

FIG. 6 Protein sequences of a selected subset of inhibitory
anti-IL6R Nanobodies.

FIG. 7-FIG. 7A (FIG. 7: Panels A-D; FIG. 7A: Panels
E-H) Binding of monovalent inhibitory anti IL6R Nanobod-
ies to IL6-R on U266 cells. Fluorescence intensity is blotted
on the X-axis, the number of events on the Y-axis. Purified
anti-IL6-R antibody BR-6 was included.

FIG. 8-FIG. 8A (FIG. 8: Panels A-C; FIG. 8A: Panels
D-F), FIG. 9-FIG. 9A (FIG. 9: Panels A-C; FIG. 9A: Panels
D-F) and FIG. 10-FIG. 10A (FIG. 10: Panels A-C; FIG. 10A:
Panels D-E) Antagonistic activity of 14 monovalent anti
IL6R Nanobodies in alphascreen for inhibition of the IL6/
IL6-R interaction.

FIG. 11-FIG. 11A (FIG. 11: Panels A-H; FIG. 11 A: Panels
1-P) Antagonistic activity of 14 monovalent anti IL.6R Nano-
bodies in cell-based assay (XG-1). BR6, BN12 and the
Reference-Fab were included as a reference.

FIG. 12-FIG. 12A (FIG. 12: Panels A-E; FIG. 12A: Panels
F-I): Competitive binding of monovalent anti IL6R Nano-
bodies to sIL6-R in human plasma.

FIG. 13-FIG. 13A (FIG. 13: Panels A-D; FIG. 13A:
Panels E-H) Competitive binding of monovalent anti IL.6R
Nanobodies to sIL.6-R in cynomolgus plasma.
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FIG. 14 SDS-PAGE of purified bispecific anti IL.6R/anti
SA Nanobodies. M=molecular weight markers. The identity
of the Nanobodies is shown on top of the gel.

FIG. 15-FIG. 15A (FIG. 15: Panels A-B; FIG. 15A:
Panels C-G) Binding of bispecific anti ILL6R/anti SA Nano-
bodies to IL6-R on U266 cells. Fluorescence intensity is
blotted on the X-axis, the number of events on the Y-axis.
Purified anti-IL6-R antibody BR-6 was included.

FIG. 16-FIG. 16A (FIG. 16: Panels A-C; FIG. 16A:
Panels D-F) and FIG. 17-FIG. 17A (FIG. 17: Panels A-C;
FIG. 17A: Panels D-F) Antagonistic activity of bispecific
anti IL6R/anti SA Nanobodies in Alphascreen for inhibition
of the IL6/IL6-R interaction.

FIG. 18-FIG. 18A (FIG. 18: Panels A-C; FIG. 18A:
Panels D-F), FIG. 19-FIG. 19A (FIG. 19: Panels A-C; FIG.
19A: Panels D-F) and FIG. 20 (Panels A-C) Antagonistic
activity of bispecific anti IL6R/anti SA Nanobodies in
cell-based assay (XG-1). BR6, BN12 and the Reference-Fab
were included as a reference.

FIG. 21-FIG. 21A (FIG. 21: Panels A-C; FIG. 21A:
Panels D-F) and FIG. 22 (Panels A-D) Antagonistic activity
of bispecific anti IL6R/anti SA Nanobodies in the presence
of 1 mg/ml, human serum albumin in cell-based assay
(XG-1). BR6, BN12 and the Reference-Fab were included
as a reference.

FIG. 23 SDS-PAGE of purified trivalent anti IL.6R/anti
SA Nanobodies. M=molecular weight markers. The identity
of the Nanobodies is shown on top of the gel.

FIG. 24 Binding of trivalent anti IL6R/anti SA Nanobod-
ies to IL6-R in Biacore.

FIG. 25 (Panels A-D) Binding of trivalent anti IL.6R/anti
SA Nanobodies to IL6-R on U266 cells. Fluorescence inten-
sity is blotted on the X-axis, the number of events on the
Y-axis. Purified anti-IL6-R antibody BR-6 was included.

FIG. 26 (Panels A-F) Antagonistic activity of trivalent
anti JL6R/anti SA Nanobodies in the absence and in the
presence of 1 mg/ml. human serum albumin in cell-based
assay (XG-1).

FIG. 27 Sequences of different humanized variants of
IL6RO3, IL6R04 and IL6R13.

FIG. 28, FIG. 29, FIG. 30 and FIG. 31 Antagonistic
activity of humanized variants of IL6R03, IL6R04 and
IL6R13 anti ILL6R Nanobodies in Alphascreen for inhibition
of the IL6/IL6-R interaction.

FIG. 32 and FIG. 33 Concentration of humanized variants
of IL6R03, IL6R04 and ILL6R13 anti IL6R Nanobodies after
incubation at different temperatures.

FIG. 34 (Panels A-C) Antagonistic activity in cell-based
assay (XG-1) of humanized Nanobodies.

FIG. 35 (Panels A-F) Flow cytometric analysis of IMAC-
purified Nanobodies from selected clones. IMAC-purified
Nanobodies IL6R-24, IL6R-44, IL6R-202 and IL6R-203
were added to cyno IL6R-positive CHO cells. Detection was
performed using a PE-labeled rabbit polyclonal anti-Nano-
body serum (R23). Nanobodies binding to cells was mea-
sured by an increase in fluorescence intensity as compared
to cells that were incubated with FACS buffer (PBS+10%
FBS) followed by PE-labeled R23 antiserum. Fluorescence
intensity is blotted on the X-axis, the number of events on
the Y-axis.

FIG. 36 and FIG. 37 Binding inhibition curve for
ALEXA®%7-labeled hIL-6 (625 pM final) competed with
unlabeled hILL-6, Nanobody I[.6R-202 and Nanobody IL.6R-
203. The average fluorescence and standard deviation is
plotted against the concentration of unlabeled competitor.
1C,, values were calculated in graph pad Prism.
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FIG. 38-FIG. 38A (FIG. 38: Panels A-B; FIG. 38A:
Panels C-G) Flow cytometric analysis of purified IL6R04-
HSA and HSA-IL6R04 fusion proteins and IL6R04. Purified
Nanobody constructs were added to U266 cells. Detection
was performed using a PE-labeled rabbit polyclonal anti-
Nanobody serum (R23). Nanobody-HSA fusion protein and
Nanobody binding to cells was measured by an increase in
fluorescence intensity as compared to cells that were incu-
bated with FACS buffer (PBS+10% FBS) followed by
PE-labeled R23 antiserum. Fluorescence intensity is blotted
on the X-axis, the number of events on the Y-axis. Purified
anti-IL6R antibodies BR6 and BN12 were included as
positive control.

FIG. 39 Proliferative response of the TF1 cell line to
Nanobody-HSA formats. 1.25x10* cells were seeded in
triplicate in the presence of 200 pg/ml IL.-6 and the indicated
dilutions of Nanobody-HSA formats or control antibodies
BR-6 or BN-12. The cells were pulsed with 0.5 uCi of
[*H]thymidine for the last 6 h of a 72-h culture period, after
which the incorporated radioactivity was determined.

FIG. 40 PK analysis of Nanobody IL-6R04-HSA in
Balb/c mice. The mean half-life of Nanobody 1L.-6R04-HSA
is 1.10 days.

FIG. 41 Mean observed (+SD) plasma concentration-time
profiles after intravenous administration of 2.00 mg/kg of
(Panels A, B) IL6R04-HSA, (Panels C,D) ILL6R202 and
(Panels E,F) IL6R203.

FIG. 42 The level of CRP in cynomolgus monkey for the
evaluation of in vivo efficacy of anti-IL6R Nanobodies.

FIG. 43, FIG. 44 and FIG. 45 Analysis of epitope speci-
ficity of a panel of Nanobodies in comparison with the
Reference-Fab and Reference IgG (see Reference Example
1 and SEQ ID NOs: 629 to 632) using ELISA.

FIG. 46 Evaluation of specificity of a panel of Nanobodies
in comparison with the Reference-Fab (see example 29, first
paragraph) using Biacore.

FIG. 47, FIG. 48, FIG. 49 and FIG. 50 (Panels A-B)
Potency of anti ILL6R Nanobodies to inhibit the binding of
human IL6 to human, rhesus and cynomolgus monkey
soluble IL.6R present in plasma.

EXAMPLES

Experimental Part

Interleukin-6 (IL6) is a pleiotropic cytokine involved in
many physiological processes including regulation of
inflammation, immune responses and hematopoiesis. 1L.6
exerts its biological activities through 2 membrane mol-
ecules, a ligand binding 80 kDa chain (IL6-R) and a non-
ligand-binding signal transducer gp130. Formation of the
1L6-1L6-R-gp130 signaling complex occurs sequentially:
first IL6 binds to IL6-R via interaction site I (Kd: ~10 nM).
Next step is binding of this complex to gp130 via interaction
sites 1T and III (Kd: 0.8 nM). Interaction sites I and III are
composite sites comprising residues of both IL.6 and 1L6-R.
IL6 and IL6-R alone have no detectable affinity for gp130.
The exact stoichiometry and composition of the IL6-1L6-
R-gp130 complex is stil under debate. The crystal structure
of IL6-1L.6-R-gp130 complex has been solved (Boulanger
(2003) Science 300, 2101-2104) and suggests a 2:2:2 stoi-
chiometry. Besides the membrane-bound IL6-R, a soluble
form (sIL6-R) can be generated by proteolytic cleavage
(TACE/ADAMI17) or alternative splicing. The complex of
IL6 and sIL6-R can also bind to gpl130. Interestingly, this
also happens in cells which do not express endogenous
IL6-R. Consequently, cells which release the sIL6-R protein
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render cells which only express gp130 responsive towards
the cytokine IL6. This mechanism has been termed trans-
signaling.

Overexpression of I1.6 has been implicated in the patho-
genesis of several clinical disorders including chronic auto-
immune diseases, multiple myeloma, Castleman’s disease,
post-menopausal osteoporosis and renal cell carcinoma. To
date, a number of inhibitors of the IL6 signaling pathway
have been developed including CNTO-328 (anti-IL6 MAD,
Centocor), Tocilizumab (anti-IL6-R MAb, Chugai/Roche)
and C326 (anti-IL6 avimer, Avidia). CNTO-328 and Tocili-
zumab are currently in clinical trials for MM, RCC, RA,
soJIA, CD and SLE. Tocilizumab is available on the Japa-
nese market since 2005 for treatment of Castleman’s disease
(Actemra).

Materials

Human IL6 was obtained from Diaclone as a recombinant
protein produced in E. coli.

Human bio-IL6 was obtained from Diaclone as human
IL6 biotinylated by PE (6 biotins/molecule).

Human soluble IL.6-R was obtained from Peprotech as a
recombinant protein produced in HEK293 cells and
from R&D Systems as a recombinant protein produced
in Sf21 cells.

MAD BR-6 is a neutralizing anti-IL.6-R monoclonal anti-
body obtained from Diaclone.

MAD BN-12 is a non-neutralizing anti-I[.6-R monoclonal
antibody obtained from Diaclone.

MADb M182 is a biotinylated anti-I[.6-R monoclonal anti-
body obtained from BD Biosciences.

Llama IgG (h&I) antibody HRP (horse radish peroxidase)
conjugated is a polyclonal antibody against llama IgG
raised in goat obtained from Bethyl Labs.

The Reference Fab and Reference IgG were generated as

described in the Reference Example below.

Example 1
Immunizations
Two llamas (081 and 082) were immunized with human
IL6-R (Peprotech) according to the scheme outlined in Table
C-1.

TABLE C-1

Immunization protocol

Day Llama 081  Llama 082  Tissue collection
0 100 pg 100 pg 10 ml pre-immune blood
7 100 pg 100 pg —
14 50 pg 50 pg —
21 50 pg 50 pg —
28 50 ug 50 ug 10 m! immune blood
35 50 pg 50 pg —
39 150 ml immune blood PBL1
lymph node bow biopsy
43 150 ml immune blood
PBL2
52 50 pg 50 pg
59 100 ml immune blood NC1

After completion of the protocol the immune response in
each animal was analyzed by ELISA. To this end, bioti-
nylated IL6-R (2 pg/ml) was captured in a neutravidin
coated microtiter plate. Serial dilutions of serum samples
collected at days 0, 28, 39 and 43 were added (starting
dilution: 1/500) and bound llama IgG was detected by
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addition of goat anti-llama IgG HRP labeled. TMB was used
as a substrate. Results are shown in FIG. 1.

Immune responses were also analyzed by FACS: serial
dilutions (starting dilution: 1/100) of serum samples col-
lected at days 0, 28 and 39 were incubated with U266B1
cells (human myeloma). Bound llama IgG was detected by
goat anti-llama IgG FITC labeled. Results are shown in FIG.
2.

Example 2
Library Construction

RNA extracted from peripheral blood lymphocytes and
lymph node obtained from llama 081 and 082 was used as
starting material for RT-PCR to amplify Nanobody encoding
gene fragments. These fragments were cloned into
phagemid vector pAX50. Phage was prepared according to
standard methods (see for example the prior art and appli-
cations filed by Ablynx N. V. cited herein) and stored after
filter sterilization at 4° C. for further use. The characteristics
of the constructed libraries are shown in Table C-2.

TABLE C-2

Size and percentages of inserts of constructed libraries

Library size % insert
Llama 81 6 x 107 87
Llama 82 5 x 107 78
Example 3
Selections

Selections were carried out with the above libraries using
various conditions as summarized in Table C-3.

TABLE C-3

Experimental conditions used in different selection strategies

Immobilization/ Concentration/
Method capture Antigen amount Elution
Magnetic ~ Streptavidin bio-IL6-R 0,1, 10,100 ng  Trypsin
beads
Solution  Streptavidin bio-IL6-R 0, 0.01, 0.1, 1 nM Trypsin
beads
Plate BN-12 IL6-R 0,1, 10,100 nM  Trypsin
(Peprotech)
Plate BN-12 IL6-R 0,1, 10,100 nM  Trypsin
(R&D)

Only a single round of selection was performed for all
conditions. Each selection output was analyzed for enrich-
ment factor (# phage present in eluate relative to control),
diversity (Hinfl profiling) and percentage of IL.6-R positive
clones (ELISA). Based on these parameters the best selec-
tions were chosen for further analysis. To this end, the output
from each selection was recloned as a pool into the expres-
sion vector pAX51. Colonies were picked and grown in 96
deep well plates (1 ml volume) and induced by adding IPTG
for Nanobody expression. Periplasmic extracts (volume:
~80 nl) were prepared according to standard methods (see
for example the prior art and applications filed by Ablynx N.
V. cited herein).
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Example 4

Screening

Periplasmic extracts were analyzed first for their ability to
inhibit the IL6-1L6-R interaction. To this end, 2 independent
Alphascreen assays were set up which are depicted sche-
matically in FIG. 3. In assay 1, the periplasmic extracts were
incubated with biotinylated IL6 (3 nM), soluble IL6 receptor
(1 nM), streptavidin coated donor beads and MAb BN-12
coated acceptor beads (20 pg/ml). Nanobodies positive in
this assay could either inhibit the IL6-IL6-R interaction or
IL6-R-MAb BN-12 interaction. To discriminate between
these 2 possibilities a second assay was set up (Assay 2). In
this assay the periplasmic extract were incubated with
bio-IL6-R (0.3 nM), streptavidin coated donor beads and
MAb BN-12 coated acceptor beads (10 pg/ml). Nanobodies
positive in assay 1 but negative in assay 2 were considered
as IL6-1L6-R inhibitors. Periplasmic extracts were diluted
25-fold in both assays which corresponds roughly to a final
concentration of 40 nM.

This resulted in two different subclasses of anti-IL6-R
Nanobodies; i.e.

a) Nanobodies against IL.6-R that were capable of modu-
lating (e.g. partially or fully reducing or preventing) binding
of IL6 to IL6-R. In the present example, these were obtained
in selections where IL6-R was immobilized on MAb BN-12
(although other methods of obtaining such Nanobodies will
be clear to the skilled person).

b) Nanobodies against IL.6-R that were capable of modu-
lating (e.g. partially or fully reducing or preventing) binding
of IL6-R to MAb BN-12. In the present example, these were
obtained in alternative selection strategies where IL.6-R was
not immobilized on MAb BN-12 (although other methods of
obtaining such Nanobodies will be clear to the skilled
person).

A statistical overview of the screening effort is shown in
Table C-4. Nanobodies showing the strongest inhibition
were selected for further characterization.

TABLE C-4
Screening for Nanobodies that inhibit the IL6/IL6-R interaction
# clones # clones # unique
Assay screened  # inhibitors (%)  sequenced sequences
IL6-IL6-R 1536 72 (4.7%) 46 14
Example 5
Nanobody Expression and Purification

Selected Nanobodies were expressed in . coli as c-myc,
His6-tagged proteins in a culture volume of 50 mL. Expres-
sion was induced by addition of 1 mM IPTG and allowed to
continue for 4 h at 37° C. After spinning the cell cultures,
periplasmic extracts were prepared by freeze-thawing the
pellets. These extracts were used as starting material for
immobilized metal affinity chromatography (IMAC). Nano-
bodies were eluted from the column with 150 mM imidazole
and subsequently dialyzed against PBS. Total yield and yield
per liter of cell culture are listed in Table C-5.

SDS-PAGE of purified Nanobodies is shown in FIG. 4.
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TABLE C-5 TABLE C-7
Expression vields of anti-IL6-R Nanobodies in E. coli Off rates (obtained from Biacore-analysis) of anti-IL6-R Nanobodies
Nanobody yield yield Clone ID kogz (s™h clone ID kogz (s™h
D (mg) vyield (mg/l) Nanobody ID yield (mg) (mg/l) 5
PMP 35 A3 1.186-03  PMP 33 B11 1.42E-03
PMP40H5 0.14 0.6 PMP34G9 0.09 1.8 PMP 35 C6 9.32E-04  PMP 33 D1 9.34E-04
PMP35E1l  0.65 2.6 PMP31A4 1.06 42 PMP 35 D10 3.26E-04  PMP 33 H10 6.69E-04
PMP32C9 0.33 6.5 PMP32E2 1.57 6.3 PMP 35 G9 1.86E-03 ~ PMP 33 H7 1.49E-03
PMP35H4 0.49 9.8 PMP33A3 0.33 1.3 PMP 40 F12 439E-04  PMP 35 C10 5.09E-04
PMP32E10  0.78 3.1 PMP34A12 0.57 23 10 PMP31Cs 1.11E-04  PMP 35 E2 7.54E-04
PMP30CI1  0.63 2.5 PMP28E11 0.08 1.6 PMP 31 D2 2.81E-04  PMP 35 E11 4.17E-04
PMP35C10 0.3 2.1 PMP35F4 0.24 1.0 PMP 32 C9 1.50E-04  PMP 35 Gl1 2.05E-04
PMP 32 F10 5.80E-04  PMP 30 Al10 2.68E-03
PMP 28 A2 1.24E-03  PMP 33 C10 3.08E-03
PMP 28 C7 1.31E-03 ~ PMP 35 H4 1.78E-04
15 PMP 28 D4 1.85E-03  PMP 30 D4 3.24E-04
Example 6 PMP 28 F7 1.26E-03  PMP 30 H1 2.83E-04
PMP 28 H6 247E-03  PMP 33 A2 5.00E-04
PMP 31 Bil 1.24E-03  PMP 34 F8 1.42E-04
Characterization of Monovalent Nanobodies PMP 31 B4 1.28E-03  PMP 35 B4 3.03E-04
PMP 31 C8 1.25E-03  PMP 40 C9 1/3.6E-04
5o PMP31F4 1.23E-03  PMP 40 H5 1.14E-04
For simplicity, monovalent clones were renamed. An PMP 32 E10 1.27E-03  PMP 30 B9 1.56E-04
overview is given in Table C-6 below. PMP 32 H5 1.28E-03  PMP 30 F1 1.01E-03
PMP 32 D12 2.70E-03 ~ PMP 34 B4 9.53E-04
PMP 30 A2 2.57E-03  PMP 34 F10 1.63E-03
TABLE C-6 PMP 30 B6 8.42E-04  PMP 40 A2 5.69E-04
55 PMP 30 Gil 1.64E-03  PMP 28 G3 1.93E-03
Overview of nomenclature of monovalent anti-IL6R Nanobodies PMP 34 Al12 To be determined PMP 30 C11 2.94E-03
. PMP 34 C3 435E-04  PMP 31 A4 1.60E-03
D Original name PMP 35 H7 1486-03  PMP 34 C11 3.67E-03
IL6RO1 PMP28E11 PMP 33 G3 1.19E-03  PMP 34 E10 2.00E-03
IL6RO2 PMP30C11 PMP 34 A5 1.68E-03  PMP 34 G9 1.39E-03
1L6RO3 PMP31A4 39 PMP 34 D2 3.31E-04 PMP 35 F4 8.96E-04
1L6R0O4 PMP32C9 PMP 34 E9 5.03E-04 PMP 28 Bl 1.34E-03
IL6ROS PMP32E10 PMP 34 G3 1.40E-04 PMP 28 El11 To be determined
IL6R06 PMP32E2 PMP 30 Bl 1.00E-03  PMP 32 E2 8.86E-04
IL6RO7 PMP33A3 PMP 28 G1 3.17E-03  PMP 33 A3 2.42E-04
IL6RO8 PMP34A12 PMP 30 B3 296E-04  PMP 28 B2 5.39E-03
IL6R09 PMP34G9 35 PMP 30 B7 6.66E-04  PMP 28 DI 1.45E-02
IL6R10 PMP35C10
IL6R11 PMP35E11
IL6R12 PMP35F4 TABLE C-8
IL6R13 PMP35H4
IL6R14 PMP40H5 Overview of k k., k,-, and K ;-values for
40 a selected subset of 14 inhibitory anti-IL6-R Nanobodies.
a) Binding to IL6-R in Biacore Nanobody 1D Kk (s k, (UMs) K, (M)
Nanobodies showing the strongest inhibition were IL6ROL 1.10E-04 2.62E+05 0.418
selected for off-rate analysis on Biacore and DNA sequenc- IL6RO2 i'ggg:gg 8A40E+05 3.90
ing (FIG. 5 and Table C-7). 45 IL6RO3 1.47E-03 4845405 3.03
e : 1.60E-03
A sub.set of .14 1nh1b1t0g Ngnobodles anq 3 control [L6ROA 947505 3 65F405 0.26
Nanobodies (which do not inhibit the interaction between 1.50F-04
IL6 and IL6-R) were selected for further analysis in cell IL6ROS 1.41E-03 1.44E+05 9.79
based assays. FIG. 6 shows the protein sequences of this 1.27E-03
. 50 IL6R06 8.86E-04 1.07E+06 7.10
selected subset of Nanobodies. 7 575-03
Affinity constants (Kd) of these 14 individual inhibitory g:g%g; f'gig"gg L04E+05 102
Nanobo.dies were det.ermined by surfac.e plasmon resonance IL6RO9 120F-03 6.ALF405 201
on a Biacore 3000 instrument. In brief, IL6-R is amine- 1.30E-03 1.11E+06 1.17
coupled to a CMS5 sensor chip at a density of 800-1000 RU. 55 1.39E-03
Remaining reactive groups are inactivated. Nanobody bind- IL6RIO g'égg:gi 4.14E405 127
ing is assessed at various concentrations ranging from 0.5 to IL6R11 3.40E-04 3.91E405 0.87
50 nM. Each sample is injected for 4 min at a flow rate of 3.96E-04 2.15E+05 1.85
45 ul/min to allow for binding to chip-bound antigen. Next, Ler12 T-}Zg—g‘; 678E405 "
binding buffer without Nanobody is sent over the chip at the 60 6o 6E:0 4 O ’
same flow ra.te to alloW for dissociation of bqund Nanobody. IL6R13 1.21E-04 3.31E405 0.53
After 10 min, remaining bound analyte is removed by 1.09E-04 1.37E+05 0.79
injecting regeneration solution (Glycine/HCI pH1.5). Bind- 1.78E-04
. . . . IL6R14 1.00E-04 4.02E+05 0.25
ing curves obtained at different concentrations of Nanobody 1 14F—04
are used to calculate Kd values. In Table C-8, an overview 65 Reference Fab 6.60E-04 7.68E405 0.86

of k/k,z k,, and K, values for the selected subset of 14
Nanobodies is shown.
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b) Binding to IL.6-R on U266 Cells

Binding to membrane-bound IL6R expressed on U266
cells was analyzed in FACS. Flow cytometric analysis was
performed of IMAC-purified Nanobodies from selected
clones (IL6R04, IL6R09, IL6R11, IL6R13, IL6R14).
IMAC-purified Nanobodies were added to IL6-R positive
U266 cells. Detection was performed by a monoclonal
anti-myc antibody followed by a PE-labeled polyclonal
anti-mouse antibody (Jackson ImmunoResearch Laborato-
ries 115-115-164 Lot 69854). Nanobodies binding to cells
was measured by an increase in fluorescence intensity as
compared to cells that were incubated with FACS buffer
(PBS+10% FBS) followed by monoclonal anti-myc anti-
body and/or PE-labeled polyclonal anti-mouse antibody.
Results are shown in FIG. 7. Fluorescence intensity is
blotted on the X-axis, the number of events on the Y-axis.
Purified anti-IL6-R antibody BR-6 was included.
¢) Epitope Mapping

Nanobodies were analyzed for competition with Tocili-
zumab-Fab. The 14 purified Nanobodies were tested in
Alphascreen for inhibition of the Reference-Fab/IL6R inter-
action. A fixed concentration of purified proteins (100 nM)
was added to biotinylated IL.6-R (1 nM) and incubated for 15
min. Subsequently Reference-Fab-coated acceptor beads
were added and this mixture was incubated for 1 hour.
Finally streptavidin donor beads were added and after 1 hour
incubator the plate was read on the Envision microplate
reader. BR-6, BN12 and the Reference-Fab were included as
reference. Results, shown in Table C-9, are expressed as the
% binding retained in competition with Reference-Fab. The
lower the number, the higher the competition, the higher the
overlap in epitope.

TABLE C-9

Inhibition of the Reference-Fab/IL6R interaction
by 14 selected inhibitory anti-IL6-R Nanobodies.

% binding retained in

Nanobody ID competition with Reference-Fab
IL6RO1 49
IL6RO2 86
IL6RO3 5
IL6RO4 50
IL6ROS 64
IL6RO6 36
IL6RO7 80
IL6RO8 99
IL6R09 62
IL6R10 102
IL6R11 40
IL6R12 103
IL6R13 25
IL6R14 96

d) Competition Assays/ Antagonistic Activity in Alphascreen

The 14 purified Nanobodies were tested in Alphascreen
for inhibition of the IL6/IL6-R interaction. Serial dilutions
of purified proteins (concentration range: 500 nM-10 pM)
were added to IL6-R (0.3 nM) and incubated for 15 min.
Subsequently 3 nM bio-IL6 and BN12-coated acceptor
beads were added and this mixture was incubated for 1 hour.
Finally streptavidin donor beads were added and after 1 hour
incubator the plate was read on the Envision microplate
reader. BR-6 and the Reference-Fab were included as ref-
erence. Results are shown in FIGS. 8, 9 and 10. Dose-
response curves were observed for all 14 Nanobodies with
1C4,-values ranging from 48 pM to 1.7 nM. As can be seen
from FIGS. 8, 9 and 10, the invention provides Nanobodies
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that, under the conditions of this assay, exhibit essentially
full (i.e. >90%; preferably >95%) inhibition of the IL6-
IL6-R interaction; or alternatively Nanobodies that, under
the conditions of the assay, provide partial inhibition (i.e.
between 25% and 90%; preferably between 40% and 75%)
of the IL6-IL6-R interaction (e.g. IL6-R07).

e) Antagonistic Activity in Cell-Based Assay (XG-1)

All purified Nanobodies were tested in the XG1 assay.
XG@G1 is an IL6-dependent human myeloma cell line. Half-
maximal proliferation is achieved at ~20 pg/ml of IL6.
Assays were essentially performed as described by Zhang et
al. (Blood 83: 3654-3663). BR6, BN12 and the Reference-
Fab were included as a reference. Results are outlined in
FIG. 11. IC50 values ranged from 50 nM to 90 pM and are
presented in Table C-10.

TABLE C-10

IC50 values of 14 selected inhibitory anti-IL6-R
Nanobodies measured in XG-1 cell based assay

D IC50 (nM)
IL6RO2 31.04
IL6RO3 16.16
IL6R04 0.089
IL6ROS 7.295
IL6RO6 42.05
IL6RO7 50.47
IL6RO8 36.6
IL6R0O9 2.745
IL6R10 2.546
IL6R11 5.366
IL6R12 2.753
IL6R13 1.395
IL6R14 0.603
Reference-Fab 5.985
BN12 0.2721
BR6 0.064

f) Potency of Monovalent Wild Type Nanobodies in Cell-
Based Assay (TF-1)

The TF-1 cell (ECACC) line was maintained between
2-9%100,000 cells/mL using RPMI 1640 supplemented with
2 mM Glutamine, 1% Sodium pyruvate, 3 ng/ml. Human
GM-CSF (eBiosciences) and 10% Foetal Bovine serum
(Gibco). Cells were subcultured 3 times a week and were
maintained at 37% and a 5% CO, atmosphere. The same
batch of GM-CSF (Lot E019991) and of Foetal Bovine
Serum (lot no 41Q4556K) was used.

The cell-based assay was performed similarly as
described in de Hon, F. D., Ehlers, M., Rose-John, S.,
Ebeling, S. B., Bos, H. K., Aarden, L. A., and Brakenhoff,
J. P. (1994) J Exp Med 180, 2395-2400. Cell suspensions
were centrifuged for 5 min at 200 g and the supernatant was
removed. Cells were resuspended in RPMI 1640 supple-
mented with 2 mM Glutamine, 1% Sodium pyruvate and
10% Foetal Bovine serum, were seeded at a density of 12500
cells/well in a 96-well plate and incubated for 72 h with
different dilutions of Nanobodies® and a constant amount of
500 pg/mL IL-6. The 96-well plates were incubated in a
humid chamber. Every sample was analysed in triplicate.
The total volume/well was 200 uL. During the last 6 h of the
incubation, cells were pulse-labeled with 0.2 uCi/well of
*H-thymidine (GE Healthcare) in a total volume of 20 L.
Cells were harvested with a semiautomatic cell harvester
(Filtermate harvester, PerkinElmer) and the *H-thymidine
incorporation was measured using a Topcount NXT counter
(PerkinElmer). Results are expressed as average counts per
minute (cpm) per well. IC 50 values are summarised in Table
C-11.
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TABLE C-11
IC50 values obtained in TF-1 assay of monovalent wild type Nanobodies
IC50 (uM)

TF-1
IL6RO4 0.545
IL6R14 1.751
IL6R11 6.623
IL6R12 6.915
IL6R13 7.197
IL6R10 9.147
IL6R0O9 10.01
IL6RO5 19.94
IL6RO3 28.05
IL6RO2 29.66
IL6RO7 35
IL6RO8 42.88
IL6RO6 77.23

g) Binding to sIL.6-R in Human Plasma

Soluble human IL.6-R is present in plasma in the range of
80 ng/ml-400 ng/ml (Jones et al., 2001, FASEB Journal
15:43-58). To analyze whether Nanobodies bind to naturally
occurring sIL6R, binding of monovalent nanobodies to
U266 cells was performed in presence of human plasma.
Competitive binding could be demonstrated indicating that
soluble IL6-R is bound by the Nanobodies analyzed. Inhi-
bition of binding of monovalent IMAC-purified Nanobodies
from selected clones (IL6R03, IL6R04, IL.6R13) to U266
cells in the presence of human plasma was measured.
IMAC-purified Nanobodies were added to IL6-R positive
U266 cells in the presence of human plasma. Detection was
performed by a monoclonal anti-myc antibody followed by
a PE-labeled polyclonal anti-mouse antibody. Inhibition of
binding of Nanobodies to cells in the presence of human
plasma was measured by a decrease in fluorescence intensity
as compared to the fluorescence intensity of Nanobodies
binding to cells in the absence of human plasma. Results are
shown in FIG. 12. Fluorescence intensity is blotted on the
X-axis, the number of events on the Y-axis. Purified anti-
IL6-R antibody BR-6 was included. U266 cells incubated
with monoclonal anti-myc antibody followed by a PE-
labeled polyclonal anti-mouse antibody in the presence/
absence of human plasma served as background staining
control.
h) Binding to sIL6-R in Cynomolgus Plasma

Soluble human IL.6-R is present in plasma in the range of
80 ng/ml-400 ng/ml (Jones et al., 2001, FASEB Journal
15:43-58). To analyze whether Nanobodies bind to naturally
occurring sIL6R, binding of monovalent nanobodies to
U266 cells was performed in presence of cynomolgus
plasma. Competitive binding could be demonstrated indi-
cating that soluble IL6-R is bound by the Nanobodies
analyzed. Inhibition of binding of monovalent IMAC-puri-
fied Nanobodies from selected clones (IL6R04, ILL6R13) to
U266 cells in the presence of cynomolgus plasma. IMAC-
purified Nanobodies were added to IL6-R positive U266
cells in the presence of cynomolgus plasma was measured.
Detection was performed by a monoclonal anti-myc anti-
body followed by a PE-labeled polyclonal anti-mouse anti-
body. Inhibition of binding of Nanobodies to cells in the
presence of cynomolgus plasma was measured by a decrease
in fluorescence intensity as compared to the fluorescence
intensity of Nanobodies binding to cells in the absence of
cynomolgus plasma. Results are shown in FIG. 13. Fluo-
rescence intensity is blotted on the X-axis, the number of
events on the Y-axis. Purified anti-I[.6-R antibody BR-6 was
included. U266 cells incubated with monoclonal anti-myc
antibody followed by a PE-labeled polyclonal anti-mouse
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antibody in the presence/absence of cynomolgus plasma
served as background staining control.
i) Cross-Reactivity to Mouse 1L6-R

Binding to mouse IL6-R (R&D Systems, cat #1830-SR/
CF) was analyzed in ELISA. A maxisorp 96-well plate was
coated with mouse IL6-R (1 pg/ml), blocked and incubated
with a dilution series of Nanobodies (500 nM-0.16 nM).
Bound Nanobodies were detected using anti-Myc and anti-
mouse horse raddish peroxidase using TMB substrate. No
binding could be observed.

Example 7

Construction and Expression of Bi-Specific
Anti-]L6-R Nanobodies

All 14 selected Nanobodies were also expressed as bispe-
cifics consisting of a C-terminal anti-HSA Nanobody (ALB-
1), a 9 amino acid Gly/Ser linker and an N-terminal anti-
IL6-R Nanobody. These constructs were expressed in E. coli
as c-myc, His6-tagged proteins and subsequently purified
from the culture medium by immobilized metal affinity
chromatography (IMAC) and size exclusion chromotag-
raphy (SEC). Total yield and yield per liter of cell culture are
listed in Table C-12. SDS-PAGE of purified Nanobodies is
shown in FIG. 14.

TABLE C-12
Expression vields of bi-specific anti-IL6-R Nanobodies in E. coli
Nanobody ID yield (mg) yield (mg/L)
PMP28E11-9GS -ALB-1 thd
PMP30C11-9GS -ALB-1 1.06 4.22
PMP31A4-9GS -ALB-1 thd
PMP32C9-9GS -ALB-1 0.50 1.98
PMP32E2-9GS -ALB-1 1.05 4.19
PMP32E10-9GS -ALB-1 1.25 5.00
PMP33A3-9GS -ALB-1 thd
PMP34A12-9GS -ALB-1 2.11 8.44
PMP34G9-9GS -ALB-1 3.30 13.2
PMP35C10-9GS -ALB-1 0.93 3.74
PMP35E11-9GS -ALB-1 1.82 7.28
PMP35F4-9GS -ALB-1 thd
PMP35H4-9GS -ALB-1 1.88 7.52
PMP40H5-9GS-ALB-1 thd

Example 8

Characterization of Bi-Specific Anti-IL6-R
Nanobodies

For simplicity, bispecific clones were renamed. An over-
view is given in Table C-13 below.

TABLE C-13

Overview of nomenclature of bispecific anti-IL6R Nanobodies

D Formatted Nanobody

IL6R21 Bispecific PMP28E11-9AA GlySer-ALB-1
IL6R22 Bispecific PMP30C11-9AA GlySer- ALB-1
IL6R23 Bispecific PMP31A4-9AA GlySer- ALB-1
IL6R24 Bispecific PMP32C9-9AA GlySer- ALB-1
IL6R25 Bispecific PMP32E10-9AA GlySer- ALB-1
IL6R26 Bispecific PMP32E2-9AA GlySer- ALB-1
IL6R27 Bispecific PMP33A3-9AA GlySer- ALB-1
IL6R28 Bispecific PMP34A12-9AA GlySer- ALB-1
IL6R29 Bispecific PMP34G9-9AA GlySer- ALB-1



US 10,618,966 B2

129
TABLE C-13-continued

130
TABLE C-14-continued

Overview of nomenclature of bispecific anti-IL.6R Nanobodies

D Formatted Nanobody

IL6R30 Bispecific PMP35C10-9AA GlySer- ALB-1
IL6R31 Bispecific PMP35E11-9AA GlySer- ALB-1
IL6R32 Bispecific PMP35F4-9AA GlySer- ALB-1
IL6R33 Bispecific PMP35H4-9AA GlySer- ALB-1
IL6R34 Bispecific PMP40HS-9AA GlySer- ALB-1

a) Binding to IL6-R in Biacore

Affinity constants (Kd) of the 14 bispecific (anti-IL6R/
anti-HSA) Nanobodies (table C-14) were determined by
surface plasmon resonance on a Biacore 3000 instrument. In
brief, IL6-R is amine-coupled to a CMS5 sensor chip at a
density of 800-1000 RU. Remaining reactive groups are
inactivated. Nanobody binding is assessed at various con-
centrations ranging from 0.5 to 50 nM. Each sample is
injected for 4 min at a flow rate of 45 pl/min to allow for
binding to chip-bound antigen. Next, binding buffer without
Nanobody is sent over the chip at the same flow rate to allow
for dissociation of bound Nanobody. After 10 min, remain-
ing bound analyte is removed by injecting regeneration
solution (Glycine/HC1 pH1.5). Binding curves obtained at
different concentrations of Nanobody are used to calculate
Kd values. In Table C-14 an overview of k /k,» k, and K,
values for the 14 bispecific Nanobodies is shown.

TABLE C-14

Overview of k/k_ -, k,-, and K -values for binding of
14 bispecific (anti-IL6-R/anti-HSA) Nanobodies to IL6-R.

Nanobody ID ko5 (s™h k, (1/Ms) K, @M)
IL6R22 5.65E-03 3.33E+05 16.9
IL6R23 1.46E-03 3.19E+05 4.59
IL6R24 1.10E-04 3.68E+05 0.3
IL6R25 1.21E-03 1.18E+05 10.3
IL6R26 6.90E-03 4.46E+05 15.5
IL6R28 5.26E-04 2.41E+05 2.18
IL6R29 1.49E-03 7.13E+05 2.1
IL6R30 1.20E-03 1.60E+05 7.52
IL6R31 3.77E-04 1.62E+05 2.32
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Overview of k/k_ -, k,-, and K -values for binding of
14 bispecific (anti-IL6-R/anti-HSA) Nanobodies to IL6-R.

Nanobody ID kKo s™h k, (1/Ms) K,; M)
IL6R32 1.26E-03 1.01E+06 1.3
IL6R33 1.25E-04 1.13E+05 1.11
IL6R34 1.08E-04 2.58E+05 0417

b) Binding to Human and Mouse Serum Albumin in Biacore

Binding of Nanobodies® to serum albumin was charac-
terized by surface plasmon resonance in a Biacore 3000
instrument, and an equilibrium constant, K, was deter-
mined. In brief, serum albumin from different species was
covalently bound to CMS5 sensor chips surface via amine
coupling until an increase of 500 response units was
reached. Remaining reactive groups were inactivated. Nano-
body® binding was assessed using a series of different
concentrations. Each Nanobody® at each concentration was
injected for 4 minutes at a flow rate of 45 pl/min to allow for
binding to chip-bound antigen. Next, binding buffer without
Nanobody® was sent over the chip at the same flow rate to
allow dissociation of bound Nanobody®. After 15 min,
remaining bound analyte was removed by injecting regen-
eration solution (50 mM NaOH).

From the sensorgrams obtained for the different concen-
trations of each analyte, K, values were calculated via
kinetic data analysis. Results are presented in Table C-15
below.
¢) Binding to IL6-R on U266 Cells

Flow cytometric analysis of bispecific IMAC-purified
Nanobodies from selected clones (IL6R23, IL.6R24,
IL6R29, I1.L6R33) was done. IMAC-purified Nanobodies
were added to IL6-R positive U266 cells. Detection was
performed by a monoclonal anti-myc antibody followed by
a PE-labeled polyclonal anti-mouse antibody. Nanobodies
binding to cells was measured by an increase in fluorescence
intensity as compared to cells that were incubated with
FACS buffer (PBS+10% FBS) followed by monoclonal
anti-myc antibody and/or PE-labeled polyclonal anti-mouse
antibody. Results are shown in FIG. 15. Fluorescence inten-
sity is blotted on the X-axis, the number of events on the
Y-axis. Purified anti-IL6-R antibody BR-6 was included.

TABLE C-15
Overview of ky/k, s, k,-, and K values for binding of 14 bispecific (anti-IL6-R/anti-HSA) Nanobodies ® to human, mouse,
Nano- Human SA Mouse SA Cyno SA
body ki/koz k, K, ki/koz k, K, kakoz k, K,
D (s™h (1/Ms) (nM) s™h (1/Ms) (nM) (s™h (1/Ms) (nM)
IL6R22 3.27E-03 2.94E+05 11.1 5.08E-02 4.72E+05 108
IL6R23 7.05E-03 4.58E+05 15.4 5.50E-02 2.00E+05 275 2.77E-03 1.00E+05 27.6
3.08E-03 1.92E+05 16
IL6R24 3.31E-03 2.21E+05 15 4.95E-02 4.06E+05 122 3.34E-03 1.18E+05 28.3
IL6R25 3.17E-03 2.29E+05 13.9 4.74E-02 3.89E+05 122
IL6R26 3.13E-03 3.33E+05 9.39 4.38E-02 6.01E+05 73
IL6R28 3.78E-03 3.56E+05 10.6 4.78E-02 2.65E+05 180
IL6R29 3.13E-03 2.91E+05 10.8 4.58E-02 5.52E+05 83 3.07E-03 1.62E+05 19
IL6R30 3.27E-03 2.71E+05 12.1 5.10E-02 4.53E+05 113
IL6R31 3.04E-03 2.27E+05 13.4 4.23E-02 4.88E+05 86.8
IL6R32 3.20E-03 3.15E+05 10 5.00E-02 2.78E+05 179
IL6R33 3.69E-03 1.35E+05 27.3 5.01E-02 5.08E+05 98.6 4.04E-03 1.65E+05 24.5
IL6R34 4.72E-03 5.15E+05 9.18 4.40E-02 3.97E+05 111 3.04E-03 2.03E+05 15
ALB-1 7.16E-04 1.24E+06 0.58 7.25E-03 1.11E+06 6.5
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TABLE C-15-continued
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Overview of k/k 4, k,-, and K values for binding of 14 bispecific (anti-IL6-R/anti-HSA) Nanobodies ® to human, mouse,

Nano- Rhesus SA Baboon SA
body k/ko k, K, ky/k g k, K,

ID s™H (1/Ms) (nM) s™H (1/Ms) (aM)

IL6R22

IL6R23 2.67E-03 1.12E+05 23.8 7.47E-03 3.22E+05 23.2

IL6R24 3.53E-03 1.25E+05 28.3 4.98E-03 1.24E+05 40.3

IL6R25

IL6R26

IL6R28

IL6R29 3.29E-03 1.60E+03 20.6 4.53E-03 1.69E+05 26.8

IL6R30

IL6R31

IL6R32

IL6R33 3.83E-03 1.56E+03 24.6 6.26E-03 1.94E+05 32.3

IL6R34 3.17E-03 2.15E+05 14.7 4.31E-03 2.28E+05 18.9

ALB-1

cyno, rhesus and baboon serum albumin

d) Epitope Mapping

Bispecific Nanobodies were analyzed for competition
with Reference-Fab. The 14 purified bispecific Nanobodies
were tested in Alphascreen for inhibition of the Reference-
Fab/IL6R interaction. A fixed concentration of purified
proteins (100 nM) was added to biotinylated IL.6-R (1 nM)
and incubated for 15 min. Subsequently Reference-Fab-
coated acceptor beads were added and this mixture was
incubated for 1 hour. Finally streptavidin donor beads were
added and after 1 hour incubator the plate was read on the
Envision microplate reader. BR-6, BN12 and the Reference-
Fab were included as reference. Results, shown in Table
C-16, are expressed as the % binding retained in competition
with Reference-Fab. The lower the number, the higher the
competition, the higher the overlap in epitope.

TABLE C-16

Inhibition of the Reference-Fab/IL6R interaction
by 14 bispecific (anti-IL6-R/anti-HSA) Nanobodies

% binding retained in competition

Nanobody ID with Reference-Fab
IL6R22 71
IL6R23 4
IL6R24 35
IL6R25 44
IL6R26 25
IL6R28 82
IL6R29 37
IL6R30 78
IL6R31 37
IL6R32 58
IL6R33 17
IL6R34 31

e) Antagonistic Activity in Alphascreen

The 14 purified bispecific Nanobodies were tested in
Alphascreen for inhibition of the IL6/IL6R interaction.
Serial dilutions of purified proteins (concentration range:
500 nM-10 pM) were added to IL6-R (0.3 nM) and incu-
bated for 15 min. Subsequently 3 nM bio-IL.6 and BN12-
coated acceptor beads were added and this mixture was
incubated for 1 hour. Finally streptavidin donor beads were
added and after 1 hour incubator the plate was read on the
Envision microplate reader. BR-6 and the Reference-Fab
fragment were included as reference. Dose-response curves,

25

30

35

40

45

50

55

60

65

shown in FIGS. 16 and 17, were observed for Nanobodies
with ICs,-values ranging from 55 pM to 1.7 nM (Table
C-17).

TABLE C-17

IC50 values of 14 bispecific (anti-IL6-R/anti-HSA) Nanobodies

D 1C50 (M)
IL6R21

IL6R22 5.594E-10
IL6R23

IL6R24 1.451E-10
IL6R25 6.429E-10
IL6R26 1.666E-09
IL6R27

IL6R28 3.259E-10
IL6R29 1.234E-10
IL6R30 3.431E-10
IL6R31 1.309E-10
IL6R32 2.678E-10
IL6R33 1.386E-10
IL6R34 1.455E-10

f) Antagonistic Activity in Cell-Based Assay (XG-1)

All 14 bispecific Nanobodies were tested in the XG1
assay. XG1 is an IL6-dependent human myeloma cell line.
Half-maximal proliferation is achieved at ~20 pg/ml of IL6.
Assays were essentially performed as described by Zhang et
al. (Blood 83: 3654-3663). BR6, BN12 and the Reference-
Fab were included as a reference. Results are outlined in
FIGS. 18, 19 and 20. IC50 values ranged from 50 nM to 90
pM and are presented in Table C-18.

TABLE C-18

IC50 values of 14 bispecific (anti-IL6-R/anti-
HSA) Nanobodies measured in XG-1 cell based assay

D IC50 (nM)
IL6R21

IL6R22 50.17
IL6R23 13.97
IL6R24 0.1542
IL6R25 8.363
IL6R26 65.33
IL6R27

IL6R28 4364
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TABLE C-18-continued

IC50 values of 14 bispecific (anti-IL6-R/anti-
HSA) Nanobodies measured in XG-1 cell based assay

ID 1IC50 (nM)
IL6R29 3.022
IL6R30 27.16
IL6R31 4566
IL6R32 1.61
IL6R33 1574
IL6R34 0.339

Nanobodies were also analyzed in the presence of 1
mg/mL human serum albumin. IC50 values range from 17
nM to 100 pM for monovalent Nanobodies and from 37 nM
to 670 pM for bispecific Nanobodies. Results are shown in
FIGS. 21 and 22 and Table C-19.

TABLE C-19

IC50 values of monovalent (anti-IL6R) and bispecific (anti-
1L.6-R/anti-HSA) Nanobodies measured in XG-1 cell based assay

ID 1IC50 (nM)
IL6RO3 17.54
IL6R04 0.099
IL6R09 2.985
IL6R13 1321
IL6R14 0.751
IL6R23 37.26
IL6R24 0.667
IL6R29 8.691
IL6R33 8.071
IL6R34 1.356

Example 9

Construction, Expression and Purification of
Trivalent Anti-IL6-R Nanobodies

Nanobodies were also expressed as trivalent bispecifics
consisting of an N-terminal anti-IL6R Nanobody, a C-ter-
minal anti-IL6R Nanobody and an anti-HSA Nanobody
(ALB-1) in the middle, connecting the different building
blocks with a 9 amino acid Gly/Ser linker (SEQ ID NO’s
478 to 492). These constructs were expressed in E. coli as
c-myc, His6-tagged proteins and subsequently purified from
the culture medium by immobilized metal affinity chroma-
tography (IMAC) and size exclusion chromotagraphy
(SEC). SDS-PAGE of purified Nanobodies is shown in FIG.

23. Example 10

Characterization of Trivalent Anti-IL6-R
Nanobodies

a) Binding to IL6R on Biacore

Affinity constants (Kd) of the 3 trivalent Nanobodies were
determined by surface plasmon resonance on a Biacore 3000
instrument. In brief, IL6-R is amine-coupled to a CMS5
sensor chip at a density of 800-1000 RU. Remaining reactive
groups are inactivated. Nanobody binding is assessed at
various concentrations ranging from 0.5 to 50 nM. Each
sample is injected for 4 min at a flow rate of 45 pl/min to
allow for binding to chip-bound antigen. Next, binding
buffer without Nanobody is sent over the chip at the same
flow rate to allow for dissociation of bound Nanobody. After
10 min, remaining bound analyte is removed by injecting
regeneration solution (Glycine/HCl pH1.5). Avid binding
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could be demonstrated for the trivalent Nanobody IL.6R49
(SEQ ID NO 480) as compared to the corresponding mon-
ovalent Nanobody IL6R09 or the bispecific Nanobody
IL6R29 (FIG. 24).

b) Binding to ILL6R on U266 Cells

Flow cytometric analysis of bispecific trivalent IMAC-
purified Nanobodies from selected clones (IL6R44 (SEQ ID
NO 479), IL6R53 (SEQ ID NO 481)). IMAC-purified
Nanobodies were added to IL6-R positive U266 cells.
Detection was performed by a monoclonal anti-myc anti-
body followed by a PE-labeled polyclonal anti-mouse anti-
body. Nanobodies binding to cells was measured by an
increase in fluorescence intensity as compared to cells that
were incubated with FACS buffer (PBS+10% FBS) followed
by monoclonal anti-myc antibody and/or PE-labeled poly-
clonal anti-mouse antibody. Results are shown in FIG. 25.
Fluorescence intensity is blotted on the X-axis, the number
of events on the Y-axis. Purified anti-IL.6-R antibody BR-6
was included.

¢) Antagonistic Activity in Cell Based Assay (XG-1)

Purified trivalent Nanobodies IL6R44, IL6R49 and
IL6R53 (SEQ ID NO’s 479, 480 and 481) were tested in the
XG@G1 assay. XG1 is an IL6-dependent human myeloma cell
line. Half-maximal proliferation is achieved at ~20 pg/ml of
IL6. Assays were essentially performed as described by
Zhang et al. (Blood 83: 3654-3663). BR6, BN12 and the
Reference-Fab were included as a reference. Results are
outlined in FIG. 26.

Example 11

Binding to Human, Cynomolgus Monkey and
Mouse Serum Albumin in Biacore of Wild Type
Trivalent Nanobody® Constructs

Binding of Nanobodies® to serum albumin was charac-
terized by surface plasmon resonance in a Biacore 3000
instrument, and an equilibrium constant, K, was deter-
mined. In brief, serum albumin from different species was
covalently bound to CMS5 sensor chips surface via amine
coupling until an increase of 500 response units was
reached. Remaining reactive groups were inactivated. Nano-
body® binding was assessed using a series of different
concentrations. Each Nanobody® at each concentration was
injected for 4 minutes at a flow rate of 45 pl/min to allow for
binding to chip-bound antigen. Next, binding buffer without
Nanobody® was sent over the chip at the same flow rate to
allow dissociation of bound Nanobody®. After 15 min,
remaining bound analyte was removed by injecting regen-
eration solution (50 mM NaOH).

From the sensorgrams obtained for the different concen-
trations of each analyte, K, values were calculated via
kinetic data analysis. Results are presented in Table C-20
below.

TABLE C-20

Kd values of trivalent bispecific Nanobodies

to serum albumin from different species
Nanobody ID Human SA Mouse SA Cyno SA
IL6R44 51.4 nM 993 nM 43 nM
IL6R53 35 nM 497 nM Not
determined
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Example 12

Humanization

DNA fragments encoding humanized versions of Nano-
bodies® IL6R03, IL6R04 and ILL6R13 were assembled from
oligonucleotides using a PCR overlap extension method
(Stemmer et al., 1995). The sequences of different variants
are shown in FIG. 27.

a) Antagonistic Activity in Alpha Screen

Humanized clones of IL6R03 (IL6R61, IL.6R62, IL6R63,
IL6R64 and IL6R65; SEQ ID NOs: 609 to 613), IL6R04
(IL6R71, IL6R72, IL6R73, IL6R74 and IL6R7S; SEQ 1D
NOs: 614 to 618) and IL6R13 (IL6R81, IL6R82, IL6RS3,
IL6R84 and IL6R88; SEQ ID NOs: 619, 620, 621, 622 and
626, respectively) were tested in Alphascreen for inhibition
of the IL6/IL6R interaction. Serial dilutions of purified
proteins (concentration range: 500 nM-10 pM) were added
to IL6-R (0.3 nM) and incubated for 15 min. Subsequently
3 nM bio-IL6 and BN12-coated acceptor beads were added
and this mixture was incubated for 1 hour. Finally strepta-
vidin donor beads were added and after 1 hour incubator the
plate was read on the Envision microplate reader. BR-6 and
the Reference-Fab fragment were included as reference.
Dose-response curves are shown in FIGS. 28, 29, 30 and 31.
No significant differences between the final different human-
ized clones (IL6R65, ILL6R75 and IL6R88) and their corre-
sponding non-humanized versions (IL6RO3, IL.6R04 and
IL6R13, respectively) were observed.

b) Temperature Stability Tests

Temperature stability tests were performed for humanized
clones of IL6R03 (IL6R65), IL6R04 (IL6R75) and IL6R13
(IL6R81, IL.6R82, IL.6R83 and IL6R84). Samples were
diluted at 200 pg/ml and divided in 5*2 aliquots containing
60 pl. The different vials were incubated each at a given
temperature ranging from 37° C. to 90° C. (37, 50, 70 and
90° C.) for a period of 1 hr. (lid temperature: 105° C.)
(control was stored at 4° C.). Thereafter, the samples were
hold at 25° C. for 2 hrs (ramping rate: 0.05) and stored over
night at 4° C. Precipitates were removed by centrifugation
for 30 min at 14.000 rpm. Supernatant was carefully
removed and further analysed. OD at 280 nm was measured
and the concentration was calculated based on the extinction
coeflicients. Results are shown in FIGS. 32 and 33.
¢) Binding to IL6-R in Biacore

Humanized clones of IL6R03 (IL6R61, IL.6R62, IL6R63,
IL6R64 and IL6R65), IL6R04 (IL6R71, IL6R72, IL6R73,
IL6R74 and IL6R75) and IL6R13 (IL6R81, IL6RS2,
IL6R83, 11.6R84 and IL.6R88) were selected for off-rate
analysis on Biacore and DNA sequencing (Table C-21 and
FIG. 27).

Affinity constants (Kd) of these Nanobodies were deter-
mined by surface plasmon resonance on a Biacore 3000
instrument. In brief, IL6-R is amine-coupled to a CMS5
sensor chip at a density of 800-1000 RU. Remaining reactive
groups are inactivated. Nanobody binding was assessed at
various concentrations ranging from 0.5 to 50 nM. Each
sample was injected for 4 min at a flow rate of 45 pl/min to
allow for binding to chip-bound antigen. Next, binding
buffer without Nanobody was sent over the chip at the same
flow rate to allow for dissociation of bound Nanobody. After
10 min, remaining bound analyte was removed by injecting
regeneration solution (Glycine/HCI pH1.5). Binding curves
obtained at different concentrations of Nanobody were used
to calculate Kd values. In Table C-21, an overview ofk , k,
and K, values for the humanized Nanobodies is shown.

10

15

20

25

30

35

40

45

50

55

60

65

136
TABLE C-21

Overview of K, k, and k,; values for binding of humanized anti-IL-
6 receptor Nanobodies ® to the human II-6 receptor.

IL6R
IL6R61 KD (M) 2
ka (1/Ms) 8.50E+05
kd (1s) 1.70E~03
IL6R62 KD (M) 2.22
ka (1/Ms) 9.29E+05
kd (1s) 2.07E-03
IL6R63 KD (M) 3.69
ka (1/Ms) 9.90E+05
kd (1s) 3.65E-03
IL6R64 KD (M)
ka (1/Ms)
kd (1s) 1.00E~03
IL6R65 KD (M) 4
ka (1/Ms) 6.00E+05
kd (1s) 2.35E-03
IL6R71 KD (M) 0.22
ka (1/Ms) 7.03E+05
kd (1s) 1.53E-04
IL6R72 KD (M) 0.33
ka (1/Ms) 5.43E+05
kd (1s) 1.80E-04
IL6R73 KD (M) 0.33
ka (1/Ms) 6.98E+05
kd (1s) 2.33E-04
IL6R74 KD (M) 0.16
ka (1/Ms) 7.67E+05
kd (1s) 1.22E-04
IL6R75 KD (M) <0.1
ka (1/Ms) 1.00E+06
kd (1/s) <1E-04
IL6R81 KD (M) 0.4
ka (1/Ms) 3.20E+05
kd (1s) 1.28E-04
IL6RS2 KD (M) 5.07
ka (1/Ms) 6.19E+05
kd (1s) 3.14E-03
IL6RS3 KD (M) 0.34
ka (1/Ms) 3.50E+05
kd (1s) 1.20E-04
IL6R84 KD (M) 5.36
ka (1/Ms) 7.62E+05
kd (1s) 4.09E-03
IL6RS5 KD (M)
ka (1/Ms)
kd (1s) 2.06E-03
IL6R86 KD (M)
ka (1/Ms)
kd (1s) 1.70E~03
IL6R87 KD (M)
ka (1/Ms)
kd (1s) 1.05E-04
IL6R8S KD (M) 0.9
ka (1/Ms) 2.30E+05
2.13E-04
kd (1s) 3.10E-04
IL6R89 KD (M)
ka (1/Ms)
kd (1s) 1.90E-04
IL6R90 KD (M)
ka (1/Ms)
kd (1s) 1.92E-03
Example 13

Antagonistic Activity in Cell-Based Assay (XG-1)
of Humanized Nanobodies

Humanized Nanobodies were analysed in the XG-1 assay.
XG-1 is an IL6-dependent human myeloma cell line. Half-
maximal proliferation is achieved using ~20 pg/ml IL6.
Assays were performed as described by Zhang et al. (Blood
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83: 3654-3663). BR6, BN12 were included as a reference.
Results are shown in FIG. 34.

Example 14

Construction of Bivalent and Trivalent Humanized
Nanobodies

Nanobodies were constructed to bivalent (SEQ ID NO’s
559 to 602) and trivalent (SEQ ID NO’s 493 to 558)
constructs using the humanized anti-IL6R building blocks
and humanized anti-serum albumin building blocks. A
9-amino acid GlySer linker was used to link the different
building blocks. These constructs were expressed in E. coli
and purified using ProtA followed by size exclusion chro-
matography (SEC).

Example 15

Binding to IL6-R in Biacore of Humanized
Bivalent and Trivalent Nanobodies

Affinity constants (Kd) of the bispecific bivalent and
trivalent humanized Nanobodies were determined by sur-
face plasmon resonance on a Biacore 3000 instrument. In
brief, IL.6-R was amine-coupled to a CMS sensor chip at a
density of 800-1000 RU. Remaining reactive groups were
inactivated. Nanobody binding was assessed at various
concentrations ranging from 0.5 to 50 nM. Each sample was
injected for 4 min at a flow rate of 45 pl/min to allow for
binding to chip-bound antigen. Next, binding buffer without
Nanobody was sent over the chip at the same flow rate to
allow for dissociation of bound Nanobody. After 10 min,
remaining bound analyte was removed by injecting regen-
eration solution (Glycine/HCl pHL.5). Binding curves
obtained at different concentrations of Nanobody were used
to calculate Kd values. In Table C-22 an overview of k /k
k,, and K, values for the bispecific Nanobodies is shown.

TABLE C-22

Overview of k/k,» k, and K ;-values for binding of bispecific
humanized bivalent and trivalent Nanobodies to IL6-R.

Nanobody ID k/kop (s™h k, (1/Ms) K, (aM)

IL6R202 5.7-4.5E+05 1.4-1.45E-04 0.25-0.32

IL6R203 3.8E+405 ~1.5E-05 ~0.040
Example 16

Binding to Serum Albumin from Different Species
of Humanized Bivalent and Trivalent Nanobodies

Binding of Nanobodies® to serum albumin was charac-
terized by surface plasmon resonance in a Biacore 3000
instrument, and an equilibrium constant, K, was deter-
mined. In brief, serum albumin from different species was
covalently bound to CMS5 sensor chips surface via amine
coupling until an increase of 500 response units was
reached. Remaining reactive groups were inactivated. Nano-
body® binding was assessed using a series of different
concentrations. Each Nanobody® at each concentration was
injected for 4 minutes at a flow rate of 45 pl/min to allow for
binding to chip-bound antigen. Next, binding buffer without
Nanobody® was sent over the chip at the same flow rate to
allow dissociation of bound Nanobody®. After 15 min,
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remaining bound analyte was removed by injecting regen-
eration solution (50 mM NaOH).

From the sensorgrams obtained for the different concen-
trations of each analyte, K, values were calculated via
kinetic data analysis. Results are presented in Table C-23
below.

TABLE C-23

Overview of k;/k,» k, and K values for binding
of humanized bivalent and trivalent Nanobodies
to serum albumin from different species

Cyno serum albumin

Nanobody ID kakoz sH k, (1/Ms) K, (nM)
IL6R202 1.19E+05 5.20E-03 43.6
IL6R203 8.06E+04 4.36E-03 54.1
Mouse serum albumin
Nanobody ID K, (nM)
IL6R202 493
IL6R203 1009
Human serum albumin
Nanobody ID kKo s™h k, (1/Ms) K,; M)
IL6R202 1.07E+5 5.56E-03 52.1
IL6R203 6.47E+04 4.53E-03 70
Example 17

Antagonistic Activity in Cell-Based Assay (TF-1)

The TF-1 cell (ECACC) line was maintained between
2-9%100,000 cells/mL using RPMI 1640 supplemented with
2 mM Glutamine, 1% Sodium pyruvate, 3 ng/ml. Human
GM-CSF (eBiosciences) and 10% Foetal Bovine serum
(Gibco). Cells were subcultured 3 times a week and were
maintained at 37% and a 5% CO, atmosphere. The same
batch of GM-CSF (Lot E019991) and of Foetal Bovine
Serum (lot no 41Q4556K) was used.

The cell-based assay was performed similarly as
described in de Hon, F. D., Ehlers, M., Rose-John, S.,
Ebeling, S. B., Bos, H. K., Aarden, L. A., and Brakenhoff,
J. P. (1994) J Exp Med 180, 2395-2400. Cell suspensions
were centrifuged for 5 min at 200 g and the supernatant was
removed. Cells were resuspended in RPMI 1640 supple-
mented with 2 mM Glutamine, 1% Sodium pyruvate and
10% Foetal Bovine serum, were seeded at a density of 12500
cells/well in a 96-well plate and incubated for 72 h with
different dilutions of Nanobodies® and a constant amount of
500 pg/mL IL-6. The 96-well plates were incubated in a
humid chamber. Every sample was analysed in triplicate.
The total volume/well was 200 uL. During the last 6 h of the
incubation, cells were pulse-labeled with 0.2 uCi/well of
*H-thymidine (GE Healthcare) in a total volume of 20 L.
Cells were harvested with a semiautomatic cell harvester
(Filtermate harvester, PerkinElmer) and the *H-thymidine
incorporation was measured using a Topcount NXT counter
(PerkinElmer). Results are expressed as average counts per
minute (cpm) per well. IC 50 values are summarised in Table
C-24.
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TABLE C-24

IC50 values obtained in TF-1 assay of humanized
bivalent and trivalent Nanobodies
I1C50 value (nM)

Nanobody IC50 (nM) Stand. Dev.

IL6R202 0.180 0.061

IL6R203 0.056 0.019
Example 18

Antagonistic Activity in Cell-Based TF-1 Assay in
Presence of Serum Albumin

To test the potential of the bivalent and trivalent Nano-
bodies to block the IL-6/IL6R interaction, a proliferation
assay was performed using the IL-6 sensitive TF1 erythro-
leukemia cell line. Briefly, serial dilutions of the Nanobodies
(pre-incubated with 1% serum albumin) were added to
1.25x10* TF-1 cells in triplicate in the presence of a fixed
concentration of IL-6 (200 pg/ml). After 72 h incubation,
cells were pulsed with 0.5 pCi of [*H]thymidine and incu-
bated for an additional 6 h prior to freezing at —-80° C. Cells
were subsequently thawed and embedded on glass fiber
membranes using a cell harvester (Perkin Elmer Life Sci-
ences, Wellesley, Ma., USA). After several washings with
water, filters were air-dried and counted using a y-counter
(Perkin Elmer Life Sciences). The monoclonal antibody
BR-6 known to neutralize the IL6/IL6R interaction was used
as positive control. The non-neutralizing monoclonal anti-
body BN-12 was used as negative control. Results are
summarized in the table C-25.

TABLE C-25

IC50 values of inhibition of IL-6/IL6R interaction
by bivalent and trivalent anti-IL6R Nanobodies

Compound IC50 (w/o HSA) IC50 (+1% HSA)
IL6R24 03050073 m=4) 0.870 £ 0.326 (m = 4)
IL6R44 01220132 m=4) 0.144 = 0052 n = 4)
IL6R202 0.190 £ 0.056 (n = 2) 0.6 +0.141 (n =2)
IL6R203 ND 0.092 (n=1)
BR6 0.042 £0.014 m =2) 0.088 = 0.036 (n = 3)

Example 19

Binding of Anti-hI[.-6R Nanobodies to
Cynomolgus Monkey IL-6R Positive Cells

To verify whether the anti-human IL-6R Nanobodies are
able to recognize cynomolgus IL-6R, binding to CHO-K1
cells that are stably transfected with cynomolgus IL-6R was
assessed by flow cytometry.

Cell binding assays were carried out by initially incubat-
ing 200,000 cells with purified Nanobodies. After incuba-
tion, the cells were washed with FACS buffer. Cells were
subsequently incubated with phycoerythrin labeled rabbit
anti-VHH antiserum. To omit signals arising from dead cells
a TOPRO-3 (Invitrogen) staining was carried out. Cells were
finally analyzed on a BD FACSArray Bioanalyzer System
(BD Biosciences).

FIG. 35 depicts binding of Nanobody constructs to cyno
IL-6R transfected CHO-K1 cells as measured by flow cyto-
metric analysis. It can be seen that the constructs IL6R-24,
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IL6R-44, I1.6R-202 and IL.6R-203 show clearly discernable
shifts in fluorescence intensity as compared to the fluores-
cence intensity for cells incubated only with FACS buffer
alone in the absence of any construct but with all appropriate
detection agents as used for the detection of Nanobody
constructs.

Example 20

Anti-Human IL-6R Nanobodies Compete with
Human IL-6 for Binding to Cynomolgus IL-6R

To evaluate the capacity of expressed Nanobodies to
block the binding of human IL-6 to cynomolgus IL-6R, a
human IL-6 competitive homogeneous cell-based assay was
performed. The FMAT 8200 HTS system (Applied Biosys-
tems) assay was performed as follows: CHO-K1 cells stably
expressing cynomolgus IL-6R were detached using 0.25%
(vol/vol) trypsin and suspended in RPMI supplemented with
10% fetal calf serum (FCS), glutamine, and penicillin-
streptomycin. Aliquots of 60 ul (4x10° cells) were plated
into FMAT system 384-well plates (PE Biosystems, CA) and
allowed to adhere for 24 h. After overnight adherence,
culture supernatant was removed by gently tapping the plate.
To initiate the competitive screen, 20 pl ALEXA%* -labeled
human IL-6 (625 pM final concentration) and 20 pl Nano-
body or cold h-IL6 dilution were added to the cell-contain-
ing FMAT system 384-well plates (PE Biosystems, CA).
The plates were scanned after 10 hours of incubation. A well
was considered positive if it had a count of over 50 events.
FIGS. 36 and 37 depict the results of experiments measuring
the capacity of anti hIL.-6R Nanobodies to block binding of
hIL-6 to cynomolgus IL-6R as measured by competitive
FMAT. It can be seen that the constructs IL6R-202 and
IL6R-203 clearly compete with the binding of hIL-6 to
cynomolgus IL-6R. The positive control cold hIL-6 shows,
as expected, clearly discernable competition with
ALEXA%-labeled hIL-6.

Example 21

Construction of anti-IL-6R Nanobody—Human
Serum Albumin Fusion Proteins

HSA was constructed by gene assembly and cloned into
pPICZcaA as Xhol/Notl fragment.

For the generation of a NBO4-HSA fusion protein, NB04
was amplified by PCR using primer pair:

(SEQ ID NO: 634)
5' -GGGTATCTCTCGAGAAAAGAGAGGCTGAAGCTGAGGTGCAGCTGGTG

GAGTCTGGG-3"!
and

(SEQ ID NO: 635)
5'-TCTCTTCTCCTAGGTCTTTGAATCTGTGGGC GACTTCAGATTTATG

AGCATCTGAGGAGACGGTGACCTG-3"'.

The resulting PCR product was cloned into PCR4TOPO
and used to clone IL6R04 N-terminally of HSA. Hereto,
pPICZaA HSA and TOPO NBO04-N were digested with
Xhol and Avrll and ligated to each other.

To connect NB0O4 to the C-terminus of HSA interspaced
with a linker, the following nested-PCR was performed:
NBO04 was first amplified by PCR using primer pair:
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(SEQ ID NO: 636)
5' -GTGGATCCGGAGGCAGTGGAGGTTCTGGTGGGT CAGGAGGTGAGGTG

CAGCTGGTGGAGTCTGGG-3"'
and

(SEQ ID NO: 637)
5'-TAGAAAGCTGGCGGCCGCTTA TTATGAGGAGACGGTGACCTG-3'.

A second PCR was performed on the obtained product to
insert a GlySer linker by use of primer pair

(SEQ ID NO: 638)
5! -TTGGTTGCGGCCAGTCAGGCCGCACTTGGTTTGGGTGGATCCGGAGG

CAGTG-3"
and

(SEQ ID NO: 639)
5' -TAGAAAGCTGGCGGCCGCTTATTATGAGGA GACGGTGACCTG-3'.

The resulting PCR product was cloned into PCR4TOPO
and used to clone NB04 at the C-terminus of HSA. Hereto,
pPICZaA HSA and TOPO NB04-C were digested with Notl
and Sfil and ligated to each other.

Example 22

Binding of IL6R04-HSA and HSA-IL6R04 to
IL-6R-Positive Cell Lines in Flow Cytometric
Analysis

The test for binding to the IL-6R positive human multiple
myeloma cell line U266 was carried out with purified
IL6R04-HSA (SEQ ID NO 604), HSA-IL6R04 (SEQ IDNO
603) and IL6R04 (SEQ ID NO 440) using the commercially
available murine anti-human IL6R antibodies BR6 and
BN12 as positive controls.

Cell binding assays were carried out by initially incubat-
ing 200,000 cells with 5 nM purified Nanobody-HSA fusion
proteins. After incubation, the cells were washed with FACS
buffer. Cells were subsequently incubated with phycoeryth-
rin labeled rabbit anti-VHH antiserum. To omit signals
arising from dead cells a TOPRO-3 (Invitrogen) staining
was carried out. Cells were finally analyzed on a BD
FACSArray Bioanalyzer System (BD Biosciences).

FIG. 38 depicts binding of the Nanobody-HSA fusion
constructs to U266 cells as measured by flow cytometric
analysis. The positive controls BR6 and BN12 show, as
expected, a clearly discernable shift in fluorescence intensity
as compared to the respective control (anti-IgG*¥). The
constructs IL6R04-HSA and HSA-IL6R04 tested show
binding to the IL6R-positive U266 cells as indicated by the
shifts in fluorescence intensity as compared to the fluores-
cence intensity for cells incubated only with FACS buffer in
the absence of any construct but with all appropriate detec-
tion agents as used for the detection of the Nanobody
constructs. No obvious difference in binding to U266 cells
was observed between IL6R04-HSA, HSA-IL6R04 and the
monovalent [[.L6R04 Nanobody.

Example 23

Screening of Kinetic Off-Rate Constants Via
Surface Plasmon Resonance (BIAcore)

Affinity constants (Kd) of the anti-IL6R Nanobody-HSA
constructs were determined by surface plasmon resonance
on a Biacore 3000 instrument. In brief, IL6-R is amine-
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coupled to a CMS sensor chip at a density of 800-1000 RU.
Remaining reactive groups are inactivated. Nanobody bind-
ing is assessed at various concentrations ranging from 0.5 to
50 nM. Each sample is injected for 4 min at a flow rate of
45 ul/min to allow for binding to chip-bound antigen. Next,
binding buffer without Nanobody is sent over the chip at the
same flow rate to allow for dissociation of bound Nanobody.
After 10 min, remaining bound analyte is removed by
injecting regeneration solution (Glycine/HCI pH1.5). Bind-
ing curves obtained at different concentrations of Nanobody
are used to calculate Kd values. The binding characteristics
are summarized in Table C-26.

TABLE C-26

Surface plasmon resonance measurements of the interaction
between hIL-6R and anti-IL6R Nanobody-HSA constructs

Ka (1/Ms) Kd (1/s) KD (nM)
IL6R0O4 5.36E+05 1.12E-04 0.20
HSA-IL6R04 2.52E+05 5.62E-05 0.22
IL6R04-HSA 1.89E+05 5.60E-05 0.30
Example 24

Anti-IL6R Nanobody-Albumin Fusion can Block
hIL-6 Induced Proliferation of the Erythroleukemia
Cell Line TF1

To test the potential of the anti-ILL6R Nanobody-albumin
fusions to block the IL-6/IL6R interaction, a proliferation
assay was performed using the IL-6 sensitive TF1 erythro-
leukemia cell line. Briefly, serial dilutions of the anti-IL.6R
Nanobody-albumin fusions were added to 1.25x10* TF-1
cells in triplicate in the presence of a fixed concentration of
IL-6 (200 pg/ml). After 72 h incubation, cells were pulsed
with 0.5 uCi of [°H]thymidine and incubated for an addi-
tional 6 h prior to freezing at —80° C. Cells were subse-
quently thawed and embedded on glass fiber membranes
using a cell harvester (Perkin Elmer Life Sciences, Welles-
ley, Ma., USA). After several washings with water, filters
were air-dried and counted using a y-counter (Perkin Elmer
Life Sciences). The monoclonal antibody BR-6 known to
neutralize the IL6/IL6R interaction was used as positive
control. The non-neutralizing monoclonal antibody BN-12
was used as negative control.

As shown in FIG. 39, both IL6R04-HSA and HSA-
IL6R04 can efficiently block the IL-6 dependent prolifera-
tion of TF1 cells. As expected, antibody BR-6 efficiently
blocked IL-6 dependent proliferation of TF1 cells whereas
BN-12 had no effect.

Example 25

Generation of Multivalent Nanobody-Albumin
Fusion Protein Formats

To potentially increase the biological effect of Nanobody-
albumin molecules, bivalent fusions are generated whereby
2 Nanobodies are fused at the N-terminal side of serum
albumin. The Nanobodies are fused head-to-tail using an
amino acid linker peptide consisting of different lengths.

Here we describe the construction and characterization of
bivalent Nanobody-albumin fusion proteins consisting of
two identical anti-IL6-R Nanobodies separated by a 3 Ala,
9 (GS) or 20 (GS) amino acid linker peptide. DNA segments
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encoding Nanobody IL.6R-201 were head-to-tail genetically
linked and fused to human serum albumin at its N-terminal
side, resulting in constructs IL6R201-HSA (SEQ ID NO
605), IL6R201-AAA-IL6R201-HSA (SEQ ID NO 608),
IL6R201-9GS-IL6R201-HSA (SEQ ID NO 606), IL6R201-
20GS-IL6R201-HSA (SEQ ID NO 607). All Nanobody-
albumin fusion proteins were expressed in Pichia pastoris in
shake flasks or in a fermentor. Production levels of >50 mg/1
were obtained.

Example 26

Fusion of Nanobody to Albumin Increases its
Serum Half-Life

The pharmacokinetic study of a HSA fusion Nanobody
was conducted in Balbc mice. The mice are preferably 8 up
to 12 weeks old. We tested the pharmacokinetic profile from
Nanobody, IL6R04-HSA and Nanobody HSA-IL.6R04. The
Nanobody was injected in three mice. The mice were
administrated with 200 pg/200 pl via an intravenous infu-
sion. Blood samples were taken at 15", 1 h,2h, 4 h, 8 h, 24
h, day 2, day 3, day 4, day 5, day 8 and day 15 after the start
of infusion. 1000 pl whole blood was withdrawn per sam-
pling and the serum was isolated after 1 hr incubation at 37°
C. The plasma samples are stored by -20° C.

Serum samples were tested for the determination of
plasma levels of half-life extension Nanobodies.

Micro titer plates (Maxisorb) are coated with 0.5 pg/ml
sIL-6R (Prepotech) in PBS at 100 pl/well overnight at 4° C.
The plates are washed with PBS containing 0.1% Tween20
and blocked for 2 hours at RT with PBS containing 1%
casein. Plasma samples are then diluted in a non-coated plate
and incubated for 30 minutes at room temperature. 100 pl of
all the dilutions is then transferred to the coated plate and
allowed to bind for 1 hour at room temperature. After 1 hour,
the plate is washed and 100 ul of 1/2000 dilution of
biotinylated goat anti-human albumin in PBS containing 1%
casein is added per well. After further incubation for half an
hour at room temperature, wells are washed and 100 pl of
1/2000 dilution of streptavidin conjugated with horse radish
peroxidase in PBS containing 1% casein. This enzyme
catalyzes a chemical reaction with the substrate slow TMB,
which results in a colorimetric change. After stopping this
reaction with HCI, the intensity of the color can be measured
by a spectrophotometer, which determines the optical den-
sity of the reaction product, using a 450 nm wavelength of
light.

The half-life extension Nanobody concentration in the
plasma samples is determined towards a standard curve. The
concentration determination is determined with the sigmoi-
dal dose-response curve with variable slope.

FIG. 40 shows that the albumin fusion prolonges the
half-life of a monovalant Nanobody targeting IL.6R (IL6R-
HSA) and has been determined to be 1.10 days.

The half-life for HSA-IL6R04 has been determined to be
1.0 days.

As a non-formatted Nanobody is cleared within the first
hour, the increase in half-life by fusing with human albumin
is more than 25 fold.

Example 27
Pharmacokinetic Profile in Cynomolgus Monkey

A pharmacokinetic study of IL6R202, IL6R203 and
IL6R04-HSA was conducted in cynomolgus monkeys. The
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Nanobody was administered intravenously by bolus injec-
tion (1.0 ml/kg, approximately 30 sec) in the vena cephalica
of the left or right arm to obtain a dose of 2.0 mg/kg. Table
C-27 summarizes the dosing regimen for all monkeys.

TABLE C-27

Dosing regimen of all animal

Dose

Animal Volume Dose

Group Test item  Route Animal D (mlkg) (mg/kg)

1 IL6R0O4- Iv Cynomolgus 1m 1.0 2.0
HSA (bolus) Monkey

Iv Cynomolgus 2f 1.0 2.0
(bolus) Monkey

2 IL6R202 Iv Cynomolgus 3m 1.0 2.0
(bolus) Monkey

Iv Cynomolgus 4f 1.0 2.0
(bolus) Monkey

3 IL6R203 Iv Cynomolgus 5m 1.0 2.0
(bolus) Monkey

Iv Cynomolgus 6f 1.0 2.0
(bolus) Monkey

The anti-IL6R Nanobody concentration in the plasma
samples was determined as follows:

a) Immunodetection of IL6R04-HSA in Plasma Samples

Maxisorb micro titer plates (Nunc, Article No. 430341)
were coated overnight at 4° C. with 100 pl of a 0.5 pg/ml
solution of sIL6R (Peprotech, Article No. 20006R) in DPBS
(pH 7.4). After coating, the plates were washed three times
(PBS containing 0.1% Tween20) and blocked for 2 hours at
room temperature (RT) with PBS containing 1% casein (250
ul/well). Plasma samples and serial dilutions of Nanobody-
standards (spiked in 100% pooled blank cynomolgus
plasma) were diluted in PBS (in a separate non-coated plate)
to obtain the desired concentration/dilution in a final sample
matrix consisting of 10% pooled cynomolgus plasma in
PBS. All pre-dilutions were incubated for 30 minutes at RT
in the non-coated plate. After the blocking step, plates were
washed three times (PBS containing 0.1% Tween20), and an
aliquot of each sample dilution (100 pl) was transferred to
the coated plates and allowed to bind for 1 hour at RT. After
sample incubation, the plates were washed three times (PBS
containing 0.1% Tween20) and incubated with 100 pl of
1/2000 dilution (in PBS containing 0.1% casein) of poly-
clonal goat anti-human serum albumin (Nordic Immunol-
ogy, Article No. 5184). After 1 hour at RT, the plates were
washed three times (PBS containing 0.1% Tween20) and
incubated with 100 pl of a 1/2000 dilution (in PBS contain-
ing 1% casein) of streptavidine conjugated with horseradish
peroxidase (DaktoCytomation, Article No. P0397). After 30
minutes, plates were washed three times (PBS containing
0.1% Tween20) and incubated with 100 pl of slow TMB
(Pierce, Article No. 34024). After 20 minutes, the reaction
was stopped with 100 pl HCI (1N). The absorbance of each
well was measured at 450 nm (Tecan Sunrise spectropho-
tometer), and corrected for absorbance at 620 nm. This assay
measures free and sIL6R-bound IL6R04-HSA Nanobodies.
Concentration in each plasma sample was determined based
on a sigmoidal standard curve with variable slope of the
respective Nanobody. The LLOQ and ULOQ of IL6R04-
HSA were 2.00 ng/ml and 100 ng/ml, respectively. Each
individual plasma sample was analyzed in three independent
assays and an average plasma concentration was calculated
for pharmacokinetic data analysis.
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b) Immunodetection of ILL6R202 and IL.6R203 in Plasma
Samples

Maxisorb micro titer plates (Nunc, Article No. 430341)
were coated overnight at 4° C. with 100 pl of a 5 pg/ml
solution of 12B2-GS9-12B2 (B2#1302nr4.3.9) in bicarbon-
ate buffer (50 mM, pH 9.6). After coating, the plates were
washed three times with PBS containing 0.1% Tween20 and
blocked for 2 hours at room temperature (RT) with PBS
containing 1% casein (250 pl/well). Plasma samples and
serial dilutions of Nanobody-standards (spiked in 100%
pooled blank cynomolgus plasma) were diluted in PBS in a
separate non-coated plate (Nunc, Article No. 249944) to
obtain the desired concentration/dilution in a final sample
matrix consisting of 10% pooled cynomolgus plasma in
PBS. All pre-dilutions were incubated for 30 minutes at RT
in the non-coated plate. After the blocking step, the coated
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and ULOQ of IL6R202 were 7.00 ng/ml and 300 ng/ml,
respectively. The LLOQ and ULOQ of IL6R203 were 2.00
ng/ml and 70.0 ng/ml, respectively.

Each individual plasma sample was analyzed in two
independent assays and an average plasma concentration
was calculated for pharmacokinetic data analysis.

Mean observed plasma concentration-time profiles (xSD)
after intravenous administration of IL6R04-HSA (2.0
mg/kg), IL6R202 or IL6R203 are shown in FIG. 41.

Basic pharmacokinetic parameters of IL6R04-HSA,
IL6R202 and ILL6R203 after a single intravenous adminis-
tration at 2.00 mg/kg in the male and female cynomolgus
monkey are listed in Tables C-28, C-29 and C-30, respec-
tively. All parameters were calculated with two-compart-
mental modeling, with elimination from the central com-
partment.

TABLE C-28

Basic pharmacokinetic parameters' of IL6R04-HSA after
a single intravenous administration at 2.00 mg/kg
in the male and female Cynomolgus Monkey.

Monkey  Monkey cv

1m 212 Mean SD (%)
Coy (ng/ml) 50.6 49.0 49.8 E 1.13 2.27
V,, (mL/kg) 79.1 77.2 78.2 E 1.34 1.72
V, (mL/kg) 84.4 80.8 82.6 E 2.55 3.08
V., (mL/kg) 39.6 40.8 40.2 E 0.849 2.11
V, (mL/kg) 395 36.4 38.0 E 2.19 5.78
CL (mL/day/kg) 10.3 10.5 10.4 E 0.141 1.36
CL, (mL/day/kg) 41.6 557 48.7 E 9.97 20.5
t10e (day) 0.309 0.229 0.269 E 0.0566 21.0
tiop (day) 5.69 5.33 551 E 0.255 4.62
MRT (day) 7.70 7.37 7.54 0.233 3.10
AUC,,,-(ugrday/ml) 194 191 193 E 2.12 1.10
AUC,,/D (kg~day/ml) 0.0970 0.0955 0.0963 = 0.00106 1.10

1Al parameters were calculated with two-compartmental modeling

2Estimate of PK parameters should be interpreted with caution because the method of calculation ignores

the immunological clearance due to neutralizing antibodies.

plates were washed three times (PBS containing 0.1%
Tween20), and an aliquot of each sample dilution (100 ul)
was transferred to the coated plates and allowed to bind for
1 hour at RT. After sample incubation, the plates were
washed three times (PBS containing 0.1% Tween20) and
incubated for 1 hour at RT with 100 pl of a 100 ng/ml
solution of sIL6R in PBS (Peprotech, Article No. 20006R).
After 1 hour at RT, the plates were washed three times (PBS
containing 0.1% Tween20) and incubated with 100 pl of a
250 ng/ml solution of a biotinylated polyclonal anti-IL.6R
antibody in PBS containing 1% casein (R&D systems,
Article No. BAF227). After incubation for 30 minutes (RT),
plates were washed three times (PBS containing 0.1%
Tween20) and incubated for 30 minutes (RT) with 100 pl of
a 1/5000 dilution (in PBS containing 1% casein) of strepta-
vidine conjugated with horseradish peroxidase (DaktoCyto-
mation, Article No. P0397). After 30 minutes, plates were
washed three times (PBS containing 0.1% Tween20) and
incubated with 100 pl of slow TMB (Pierce, Article No.
34024). After 20 minutes, the reaction was stopped with 100
ul HCI1 (IN). The absorbance of each well was measured at
450 nm (Tecan Sunrise spectrophotometer), and corrected
for absorbance at 620 nm. This assay measures free Nano-
body as well as Nanobodies bound to sI[L6R and/or cyno-
molgus serum albumin. Concentration in each plasma
sample was determined based on a sigmoidal standard curve
with variable slope of the respective Nanobody. The LLOQ
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TABLE C-29

Basic pharmacokinetic parameters' of IL6R202

after a single intravenous administration at 2.00 mg/kg

in the male and female Cynomolgus Monkey.

Monkey  Monkey cv
3m af Mean SD (%)
Ceoy (ng/ml) 57.6 56.5 57.1 E 0.778 1.36
V,, (mL/kg) 65.1 60.6 62.9 E 3.18 5.06
V, (mL/kg) 70.0 64.6 67.3 E 3.82 5.67
V., (mL/kg) 347 354 35.1 E 0.495 141
V, (mL/kg) 304 25.2 27.8 E 3.68 13.2
CL 6.97 6.74 6.86 E 0.163 2.37
(mL/day/kg)
CL, 22.1 19.1 20.6 E 2.12 10.3
(mL/day/kg)
t1oe (day) 0.474 0.500 0487 = 0.0184 3.78
tyop (day) 6.96 6.64 6.80 E 0.226 3.33
MRT (day) 9.35 8.99 9.17 0.255 2.78
AUC,,» 287 297 292 E 7.07 2.42
(pgeday/ml)
AUC,,/D 0.144 0.148 0.146 = 0.00283 194
(kgeday/ml)

Al parameters were calculated with two-compartmental modeling
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TABLE C-30
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Basic pharmacokinetic parameters’ of IL6R203 after
a single intravenous administration at 2.00 mg/kg in
the male and female Cynomolgus Monkey.

Monkey  Monkey cv
S5m 6f Mean SD (%)
C(O) (ug/ml) 67.1 87.8 71.5 ES 14.6 18.9
V., (mL/kg) 41.5 34.1 37.8 ES 5.23 13.8
V, (mL/kg) 42.5 35.2 38.9 ES 5.16 13.3
V., (mL/kg) 29.8 22.8 26.3 ES 4.95 18.8
V, (mL/kg) 11.7 11.3 11.5 ES 0.283 2.46
CL (mL/day/kg) 6.98 7.11 7.05 = 0.0919 1.30
CL, (mL/day/kg) 22.7 27.2 25.0 ES 3.18 12.8
tipe (day) 0.250 0.187 0.219 = 0.0445 20.4
tiop (day) 4.22 3.43 3.83 = 0.559 14.6
MRT (day) 5.94 4.80 5.37 0.806 15.0
AUCi,,f(pg'day/ml) 286 281 284 ES 3.54 1.25
AUCZ-,,/D (kgeday/ml) 0.143 0.141 0.142 = 0.00141 1.00
Al parameters were calculated with two-compartmental modeling
20

Example 28
Efficacy in Cynomolgus Monkey

In human and non-human primates, human IL-6 (hIL-6)
has been reported to induce acute phase protein synthesis
(Gauldi et al, 1987; Asano et al., 1990). Acute phase proteins
are defined as a set of plasma proteins, like C-reactive
protein (CRP), serum amyloid A, haptoglobin, fibrinogen,
albumin, transferrin and C3, increasing or decreasing con-
centrations by at least 25% in inflammatory disorders,
mainly due to changes in their production by hepatocytes
(Gabay & Kushner, 1999). Patterns of cytokine production
and acute phase response differ in different inflammatory
conditions. Therefore, acute phase changes reflect the pres-
ence and intensity of inflammation, making them diagnos-
tically relevant.

In this study, the ability of ILL6R202 and I1.6R203 to block
in vivo IL-6 induced responses was examined in primates.

Adult cynomolgus monkeys (Macaca fascicularis), aged
between 3 and 4 years and weighing below 3 kg were housed
individually in an environment controlled room, at room
temperature. The body weight of all individuals was
recorded at first administration and weekly from there on.
The animals were numbered and coupled in groups of 2
individuals (one male and one female) with approximately
equal mean body weight.

The lyophilized hIlL-6 (Gentaur) was dissolved in 0.5 M
acetic acid to a final concentration of 100 pg/mlL.. One vial
containing 500 pg I1.-6 was dissolved in 5 mL. 0.5 M acetic
acid. First, 3 mL of 0.5 M acetic acid was added to the vial
and the solution was swirled until all lyophilisate was
dissolved. The solution was transferred to a sterile polysty-
rene tube. The vial was rinsed with 2 mlL of 0.5 M acetic acid
and this solution was transferred to the polystyrene tube as
well, with subsequent gentle mixing of the solution.

Human IL.-6 was administered via an s.c. bolus injection
of 1 mL/kg b.w. in 1% autologues Cynomolgus monkey heat
inactivated serum in the dorsal region.

8 groups (group 4 to 11, Table C-31) of animals received
a single i.v. injection of IL6R202 or IL.6R203, in one of four
different dosages; namely 0.6, 2, 6 or 20 mg/kg b.w. in
D-PBS. The Nanobodies® were administered via an i.v.
bolus injection of 1 ml/kg b.w. in D-PBS into the vena
cephalica of the left or right arm. Subsequently after 1 hour,
all animals were injected with the first of 7 daily injections
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s.c. of hIL-6 (5 pg/kg b.w.). Two individuals of one group
(group 12, 23m and 24f, Table C-31) received no Nano-
body® preadministration and served as a negative control.

Blood samples were collected prior to injection on test
day 0 and from there on daily from test day 1 to test day 14
and on day 21.

The inflammation parameter CRP (serum C-reactive pro-
tein levels) is one of the most important parameters for
evaluating efficacy with respect to acute phase response in
this animal model (animal model that was used in the current
study is described in detail in Asano et al. (1990) Blood 8,
1602-1605). Furthermore, CRP is also one of the most
important non-subjective parameters used in evaluating effi-
cacy of anti-inflammatory response compounds in human
subjects as part of clinical trials, which is well documented
in the following references: Choy et al. (2002) Arthritis and
Rheumatism 46 (12) 3143-50; Nishimoto et al. (2004)
Arthritis and Rheumatism 50 (6) 1761-69; Maini et al.
(2006) Arthritis and Rheumatism 54 (9) 2817-29. An
increase in the levels of CRP is one of the most relevant
indications of inflammation.

In the current animal model, the CRP levels and a number
of other parameters were measured (results for the latter not
shown); the inflammation parameter ESR (erythrocyte sedi-
mentation rate) could not be determined in a quantitative
manner (i.e. to provide a dose-response curve) using this
model.

TABLE C-31

Chronologic schedule of hIL-6 and test item administration

Animal Nanobody ® hIL6
Animal number Test Admin Admin
group Male Female item (day)  dose (day) dose
4 7 8 IL6R202 1 06 1,2,3,4, 5pgkg
mgkg 5,6,7 b.w.
b.w.
5 9 10 IL6R202 1 2 1,2,3,4, Sugkg
mgkg 5,6,7 b.w.
b.w.
6 11 12 IL6R202 1 6 1,2,3,4, Sugkg
mgkg 5,6,7 b.w.
b.w.
7 13 14 IL6R202 1 200 1,2,3,4, Sugkg
mgkg 5,6,7 b.w.
b.w.
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TABLE C-31-continued

Chronologic schedule of hII.-6 and test item administration

Animal Nanobody ® hIL6
Animal number Test Admin Admin
group Male Female item (day)  dose (day) dose
8 15 16 IL6R203 1 0.6 1,2,3,4, Sugkg
mgkg  5,6,7 b.w.
b.w.
9 17 18 IL6R203 1 2 1,2, 3,4, 5ugkg
mgkg  5,6,7 b.w.
b.w.
10 19 20 IL6R203 1 6 1,2, 3,4, 5ugkg
mgkg  5,6,7 b.w.
b.w.
11 21 22 IL6R203 1 200 1,2,3,4, Sugkg
mgkg  5,6,7 b.w.
b.w.
12 23 24 — — — 1,2,3,4, 5pgkg

5,67 bw.

Data on the level of CRP are presented in FIG. 42. At test
day 2, the serum concentration of CRP in all groups, control
and test, reached a maximum of up to 13 times the base
level. A clear correlation between the administered dosage of
either Nanobody® and the level of increase in CRP was
observed.

Example 29
Competition ELISA with Reference IgG

To analyze epitope specificity of a panel of Nanobodies in
comparison with the Reference IgG, an ELISA experiment
was designed where the Reference IgG MRA was coated,
and a dilution series of Nanobodies pre-incubated with a
constant amount of IL6R was subsequently transferred to the
wells.

Detection was performed using biotinylated anti-IL6R
Mab M182 (Pharmingen) and streptavidin-HRP. Data indi-
cate that only for Reference Fab, ILL6R-03, IL6R6S, IL.6R13
and IL6R88 a competitive binding to the Reference 1gG was
observed.

Data are presented in FIGS. 43, 44 and 45.

Example 30

Biacore Reference-Fab

To analyze epitope specificity of a panel of Nanobodies in
comparison with the Reference-Fab, a Biacore experiment
was designed where BN12, a non-neutralizing anti-human
IL6R Mab (Diaclone) was coupled to the chip in Sodium
acetate pH=4. Next, 100 nM IL-6R was injected on the chip.
Then, 100 nM of an anti-IL-6R nanobody was injected.
Finally, a mixture of 100 nM Reference-Fab and 100 nM
Nanobody was injected.

Results (FIG. 46) showed that, for all Nanobodies tested,
the Reference-Fab was still binding to IL-6R when IL-6R
was already bound by the Nanobodies. This indicated that
the anti-IL-6R Nanobodies possibly recognized a different
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epitope on IL-6R. Only for Nanobodies IL6R-03, ILL6R65,
IL6R0O6, 1L.6R13 and IL6R88 a reduced binding was
observed.

Example 31

Potency to Inhibit Binding of Human IL6 to
Human, Rhesus and Cynomolgus Monkey Soluble

10 IL6R from Plasma

Potency to inhibit the binding of human IL6 to human,
rhesus and cynomolgus monkey soluble IL6R present in
plasma was analyzed for a panel of Nanobodies. A non-
neutralizing anti-IL6R Mab BN12 (Diaclone) was coated on
a microtiter well plate. Subsequently, plasma from human,
rhesus or cynomolgus monkey pre-incubated with human
IL6 and a dilution serie of Nanobody was applied to the
plate. Detection was performed using anti-IL.6-biotine fol-
lowed by streptavidin-HRP reagent. Data are presented in
FIGS. 47, 48, 49 and 50.

25 Reference Example 1
Preparation of Reference Fab and IgG According to
30 EP 0 628 639 (=WO 92/19759)

Two representative anti-human I[.-6R immunoglobulins
according to EP 0 628 639 (a Fab fragment and a full-sized
IgG) were generated and used as reference compounds
herein.

35

The Fab fragment and full-sized IgG were constructed
based on the L-chain called “RV;a” (see EP 0 628 639 B1,
Table 2, version (a)) and the H-chain called “RV £ (see EP
0628 639 B1, Table 3, version (f)). These particular L-chain
and H-chain were chosen for the purposes of constructing
the reference compounds because, according to EP 0 268
639 Bl (see for example paragraph [0074]), a reshaped
human antibody comprising said L.-chain and said H-chain
exhibited an ability to bind to human IL-6R at the same level
as PM1, a mouse monoclonal antibody against human IL-6R
(see again EP 0 628 639 B1, paragraph [009] and the further
references cited therein).

40
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The full-length reference IgG consisted of the amino acid
sequences of SEQ ID NO: 629 (heavy chain) and SEQ ID
NO: 630 (light chain). The Fab fragment consisted of the
amino acid sequences of SEQ ID NO: 631 (heavy chain
regions V;b and Vf fused to the CH1 region of human
IgG1) and SEQ ID NO: 632 (reshaped human PM-1 variable
light chain fused to human Ckappa).

Encoding DNA fragments were generated by assembly

PCR wusing partially overlapping oligonucleotides. PCR

60 products were cloned into a single, bi-cistronic vector which

enables expression of functional, disulphide-linked Fab

fragments in the periplasm of E. coli. Full-length IgG was

produced in CHO cells transfected with 2 expression vectors

containing the genes for the light and heavy chains. The gene

5 encoding the heavy chain was created by fusing Vf to the

constant region of human IgGl. The light chain was as
described in EP 0 268 639.

55
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TABLE B-1

Nanobodies and polypeptides against the IL-6 receptor.
“(t)” refers to a translated protein. Leader sequences and
N-terminal sequences are given as SEQ ID NO’'s: 472-477.

Nanobodies against the IL-6 receptor

< > PMP40C9(t), SEQ ID NO: 399; PRT; -»
EVQLVESGGGLVQPGGSLRLS CAASGFSLDYYAI GNFRQAPGKEREGVS CMD
SSAGTTSTYYSDSVKGRFTISRDDAKNTVYLQMNSLKPEDTAVYYCAADGHLNWG
QRYVPCSQISWRGWNDYWGQGTQVTVSS

< > PMP34F8(t), SEQ ID NO: 400; PRT; -»
EVQLVESGGGLVQPGGSLRLS CAASGFSLDYYAI GNFRQAPGKEREGVSCMD
SSDGTTNTYYSDSVKGRFTISRDDAKNTVYLQMNSLKPEDTASYY CAADGHLNWG
QPYVPCSQISWRGWNDYWGQGTQVTVSS

< > PMP34E9(t), SEQ ID NO: 401; PRT; -»
EVQLVESGGGLVQPGGSLRLS CAASGFTLDYYAI GWFRQAPGKEREGVSCISS
SDGSTYYADSVKGRETI SRDNAKNTVYLOMNS LKPEDTAAYYCATDRSVYYCSGDA
PEEYYWGQGTQVTVSS

< > PMP34D2(t), SEQ ID NO: 402; PRT; -»
EVQLVESGGGLVQPGGSLRLS CAASGFTLDYFAI GWFRQAPGKERERVSCISS
SDGSTYYADSVKGRETI SRDNAKNTVYLOMNS LKPEDTAVYYCATDRSVYYCSGGA
PEEYYWGQGTQVTVSS

< > PMP34C3(t), SEQ ID NO: 403; PRT; -»
EVQLVESGGGLVQPGGSLRLS CVASGFSLDYYVIGWFRQAPGKEREGVSCISS
SDGSTYYADSVKGRFTI SRDNAKNTVYLOMNS LKPEDTAVYYCAADLLRTPEFCYVD
SAPYDYWGRGTQVTVSS

< > PMP34A5(t), SEQ ID NO: 404; PRT; -»
EVQLVESGGGLVQPGGSLRLS CAASGFTLGYFAI GWFRQAPGKEREGVSCISS
SDGSTYYADSVKGREFTVSRDNAKNTVYLQMNS LKPEDTAVYYCATDRSVYYCSGG
APEEYYWGQGTQUTVSS

< > PMP33G3(t), SEQ ID NO: 405; PRT; -»
EVQLVESGGGLVQPGGSLRLS CAASGFTLGYFAI GWFRQAPGKEREGVSCISS
SDGSAYYADSVKGREFTVSRDNAKNTVYLQMNS LKPEDTAVYYCATDRSVYYCSGG
APEEYYWGQGTQUTVSS

< > PMP33C10(t), SEQ ID NO: 406; PRT; ->»
EVQLVESGGGLVQPGGSLRLS CAASGEF TFDDYGMSWVRQAPGKGLEWVSAT
SWNGGSTYYTESMKGRETI SRDNAKNTVYLQMNS LKPEDTAVY YCVKGS TAIVGVP
PTYPDEYDYWGQGTQVTVSS

< > PMP33A2(t), SEQ ID NO: 407; PRT; -»
EVQLVESGGGLVQPGGSLRLS CAASGFSLDYYAI GNFRQAPGKEREGVSCMD
SSGETTSTYYSDSVKGRFTISRDDAKNTVYLQMNSLKPEDTAVYYCAADGHLNWG
QRYVPCSQISWRGWNDYWGQGTQVTVSS

< > PMP32H5(t), SEQ ID NO: 408; PRT; -»
EVQLVESGGGLVQPGGSLRLS CAASGEF TFGS YDMSWVRQAPGKGPEWVSAT
NSGGGSTYYADSVKGRETI SRDNAKNTLYLOMNS LKPEDTAVYYCATDWRYSDYD
LPLPPPGDYWGQGTQVTVSS

< > PMP32F10(t), SEQ ID NO: 409; PRT; ->»
EVQLVESGGGLVQAGGSLRLS CAASGFTFDDYAI GWFRQAPGKEREGISCISS
SDGSTYYADSVKGRFTI SSDNAKNTVYLQMNS LKPEDTAVYYCAAEPPDSSWILDGS
PEFFKFWGQGTQVTVSS

< > PMP31F4(t), SEQ ID NO: 410; PRT; -»
EVQLVESGGGLVQPGGSLRLS CAASGEF TFGS YDMSWVRQAPGKGPEWVSAT
NSGGGSTYYADSVKGRETI SRDNAKNTLYLOMNS LKPEDTAVYYCATDWRYSDYD
LPLPPPGDYWGQGTQVTVSS

< > PMP31D2(t), SEQ ID NO: 411; PRT; -»
EVQLVESGGGLVQAGGSLRLS CAASGFTFDDYAI GWFRQAPGKEREGVSGISS
SDGNTYYADSVKGRETI SSDNAKNTVYLOMNS LKPEDTAVYYCAAEPPDSNWYLD
GSPEFFKFWGQGTQVTVSS

< > PMP31C8(t), SEQ ID NO: 412; PRT; -»
EVQLVESGGGLVQPGGSLRLS CAASGEF TFGS YDMSWVRQAPGKGPEWVSAT
NSGGGSTYYADSVKGRETI SRDNAKNTLYLOMNS LKPEDTAVYYCATDWRYSDYD
LPLPPPGDYWGQGTQVTVSS

< > PMP31C5(t), SEQ ID NO: 413; PRT; -»
EVQLVESGGGLVQAGGSLRLS CAASGFTFDDYAI GWFRQAPGKEREGVSCISS
SDGSTYYADSVKGREFTI SSDNAKNTVYLLMNS LKPEDTAVYYCAAEPPDSMWSLDG
SPEFFKFWGQGTQVTVSS
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TABLE B-1-continued

Nanobodies and polypeptides against the IL-6 receptor.
“(t)” refers to a translated protein. Leader sequences and
N-terminal sequences are given as SEQ ID NO’'s: 472-477.

< > PMP31B4(t), SEQ ID NO: 414; PRT; -»
EVQLVESGGGLVQPGGSLRLS CAASGEF TFGS YDMSWVRQAPGKGPEWVSAT
NSGGGSTYYADSVKGRETI SRDNAKNTLYLOMNS LKPEDTAVYYCATDWRYSDYD
LPLPPPGDYWGQGTQVTVSS

< > PMP31B11(t), SEQ ID NO: 415; PRT; ->»
EVQLVESGGGLVQPGGSLRLS CAASGF TFGS YDMSWVRQAPGKGPEWVSAT
NSGGGSTYYADSVKGRETI SRDNAKNTLYLOMNS LKPEDTAVYYCATDWRYSDYD
LPLPPPGDYWGQGTQVTVSS

< > PMP30G11(t), SEQ ID NO: 416; PRT; ->»
EVQLVESGGGLVQPGGSLRLS CVASGFSLDYYVIGWFRQAPGKEREGVSCISS
SDGSTYYADSVKGRFTI SRDNAKNTVYLOMNS LKPEDTAVYYCAADLLRTPEFCVD
SAPYDYWGQGTQVTVSS

< > PMP30B6(t), SEQ ID NO: 417; PRT; -»
EVQLVESGGGLVQPGGSLRLS CAASGFTLDYYVIGWFRQAPGKEREAVACISS
SDRSTYYADSVKGRFTI SRDNAKNTGYLQMNS LKPEDTAVYYCAADLLRTPEFCSDS
APYDYWGQGTQVTVSS

< > PMP30B1(t), SEQ ID NO: 418; PRT; -»
EVQLVESGGGLVQPGGSLRLS CAASGEFTLDYYAI GNWRQAPGKGREGVSCIS
SGDGSTNYADSVKGRETISRDNAKNTVYLOMNSLKPEDTAVYYCATDRSVY YCSGG
APEEYYWGQGTQUTVSS

< > PMP30A2(t), SEQ ID NO: 419; PRT; -»
EVQLVESGGGLVQPGGSLRLS CAASGFTLDYYVIGWFRQAPGKEREGVSCIGS
SDDSTYYADSVKGREFTI SRDNAKNTVYLOMNS LKPEDTAVYYCAADLLRTPEFCTD
SAPYDYWGQGTQVTVSS

< > PMP30A10(t), SEQ ID NO: 420; PRT; -»
EVQLVESGGGLVQPGGSLRLS CAASGEF TFDDYGMSWVRQAPGKGLEWVSAT
SWNGGSTYYTESMKGRETI SRDNAKNTVYLQMNS LKPEDTAVY YCVKGS TAIVGYVP
PTYPDEYDYWGQGTQVTVSS

< > PMP28H6(t), SEQ ID NO: 421; PRT; -»
EVQLVESGGGLVQPGGSLRLS CAASGEF TFGS YDMSWVRQAPGKGPEWVSAT
NSGGGSTYYADSVKGRETI SRDNAKNTLYLOMNS LKPEDTAVYYCATDWRYSDYD
LPLPPPGDYWGQGTQVTVSS

< > PMP28F7(t), SEQ ID NO: 422; PRT; -»
EVQLVESGGGLVQPGGSLRLS CAASGEF TFGS YDMSWVRQAPGKGPEWVSAT
NSGGGSTYYADSVKGRETI SRDNAKNTLYLOMNS LKPEDTAVYYCATDWRYSDYD
LPLPPPGDYWGQGTQVTVSS

< > PMP28D4(t), SEQ ID NO: 423; PRT; -»
EVQLVESGGGLVQPGGSLRLS CAASGEF TFGS YDMSWVRQAPGKGPEWVSAT
NSGGGSTYYADSVKGRETI SRDNAKNTLYLOMNS LKPEDTAVYYCATDWRYSDYD
LPLPPPGDYWGQGTQVTVSS

< > PMP28C7(t), SEQ ID NO: 424; PRT; -»
EVQLVESGGGLVQPGGSLRLS CAASGEF TFGS YDMSWVRQAPGKGPEWVSAT
NSGGDNTYYADSVKGRETI SRDNAKNTLYLOMNS LKPEDTAVYYCATDWRYSDYD
LPLPPPGDYWGQGTQVTVSS

< > PMP28B1(t), SEQ ID NO: 425; PRT; -»
EVQLVESGGGLVQPGGSLRLS CAASGFTLNYYAI GWFRQAPGKEREGVSCISS
SDGSTYYADSVKGRETI SRDNAKNTFYLOMNS LKPEDTAVYYCAAEGLGDSDSPCG
ARWYNDYWGQGTQVTVSS

< > PMP28A2(t), SEQ ID NO: 426; PRT; -»
EVQLVESGGGLVQPGGSLRLS CAASGEF TFGS YDMSWVRQAPGKGPEWVSAT
NSGGGSTYYADSVKGRETI SRDNAKNTLYLOMNS LKPEDTAVYYCATDWRYSDYD
LPLPPPGDYWGQGTQVTVSS

< >PMP40H5, SEQ ID NO: 427; PRT; -»
EVQLVESGGGLVQPGGSLRLS CAASGFSLDYYAI GNFRQAPGKEREGVSCMD
SSSGTTSTYYSDSVKGRFTISRDDAKNTVYLQOMNSLKPEDTAVYYCAADGHLNWGQ
RYVPCSQI SWRGWNDYWGQGTQVTVSS

< >PMP35H4, SEQ ID NO: 428; PRT; -»
EVQLVESGGGLVQPGGSLRLS CAASGEFTFDDYGMSWVRQAPGRATEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTVYLQMNS LKPEDTAVY YCVKGS TAIVGVP
PTYPDEYDYWGQGTQVTVSS
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TABLE B-1-continued

Nanobodies and polypeptides against the IL-6 receptor.
“(t)” refers to a translated protein. Leader sequences and
N-terminal sequences are given as SEQ ID NO’'s: 472-477.

< >PMP35F4, SEQ ID NO: 429; PRT; -»
EVQLVESGGGLVQAGGSLRLSCAASGRTFS SYDMGNYRQAPGKEREFVAIIT
WNSSTYYADSVKGRFTISRDNAKNTVYLQMNS LKPEDTAI YYCNAQYGLGYAEDY
WGQGTQVTVSS

< »>PMP35E11, SEQ ID NO: 430; PRT; -»
EVQLVESGGGLVQAGGSLRLS CAASGFTFDDYAI GWFRQAPGKEHEGVSCISS
SDGSTYYADSVKGRETI SSDNAKNTVYLOMNS LKPEDTAVYYCAAERDVPARSLCG
SYYWYDYRGQGTQVTVSS

< >PMP35C10, SEQ ID NO: 431; PRT; -»
EVQLVESGGGLVQAGGSLRLS CAASGRTFS SYDMGWYRQAPGKEREFVAVT
HWSSGSTYYADPVKGRFTISRDNAKNTVYLQMNS LKPEDTAIYYCNAFLPGPEGFHD
YWGQGTQVTVSS

< >PMP34G9, SEQ ID NO: 432; PRT; -»
EVQLVESGGGLVQAGGSLRLS CAASGRTSS SYDMTWYRQVPGKEREFVAVIS
WSGESTYYADSVKGRET ISRDNAKNTVYLOMNSLKPEDTAIYYCNAY TGGGDD YW
GQGTQVTVSS

< >PMP34G3, SEQ ID NO: 433; PRT; -»
EVQLVESGGGLVQPGGSLRLS CAASGFTLDYYAI GWFRQAPGKERERVSCISS
SDGSTYYADSVKGRETI SRDNAKNTVYLOMNS LKPEDTAAYYCATDRSVYYCSGGA
PEEYYWGQGTQVTVSS

< >PMP34E10, SEQ ID NO: 434; PRT; -»
EVQLVESGGGLVQAGGSLRLS CAASGRTFS SYAMGNGRQAPGKEREFVATIS
WSGESTYYADSVKGRFT ISRDNAKNTVYLOMNSLKPED TAVYYCAADLAEFKYSD
YADYWGQGTQVTVSS

< >PMP34C11, SEQ ID NO: 435; PRT; -»
EVQLVESGGGLVQPGGSLRLS CAAAGF TLDYSAIGNFRQAPGKEREMFSCISG
SDGSTWYADSVAGRFTI SFDNAKNTVYLOMNS LKPEDTGLYICAVTGGVRGPCAYE
YEYWGQGTQVTVSS

< >PMP34A12, SEQ ID NO: 436; PRT; -»
EVQLVESGGGLVQPGGSLRLS CVASGFSLDYYVIGWFRQAPGKEREGVSCISS
SDGSTYYADSVKGRFTI SRDNAKNTVYLOMNS LKPEDTAVYYCAADLLRTPEFCVD
SAPYDYWGQGTQVTVSS

< >PMP33A3, SEQ ID NO: 437; PRT; -»
EVQLVESGGGLVQPGGSLRLS CAASGFTLDYGAI GWFRQAPGKEREGVSCISS
STGSTYYADSVKGRFTI SRDNGKNTVYLQMNS LKPEDTAVYYCAADKMASPCLVA
ANEEALFEYDYWGQGTQVTVSS

< >PMP32E2, SEQ ID NO: 438; PRT; -»
EVQLVESGGGLVQAGGS LRLS CAASGNIFDDNTMGHW TWNRQPPGKQRELVA
IIATDGSTNYADSVKGRFTISRDNAKNTVYLQMNSLKPEDTAVYYCNLFSLRLGRDY
WGQGTQVTVSS

< >PMP32E10, SEQ ID NO: 439; PRT; ->»
EVQLVESGGGLVQPGGSLRLS CAASGEF TFGS YDMSWVRQAPGKGPEWVSAT
NSGGGSTYYADSVKGRETI SRDNAKNTLYLOMNS LKPEDTAVYYCATDWRYSDYD
LPLPPPGDYWGQGTQVTVSS

< >PMP32C9, SEQ ID NO: 440; PRT; -»
EVQLVESGGGLVQAGGSLRLS CAASGFTFDDYDIGWFRQAPGKEREGVSGISS
SDGNTYYADSVKGRETI SSDNAKNTVYLOMNS LKPEDTAVYYCAAEPPDSSWYLDG
SPEFFKYWGQGTQVTVSS

< >PMP31A4, SEQ ID NO: 441; PRT; -»
EVQLVESGGGLVQAGGSLRLS CAASGS IFKVNAMGNYRQAPGKQRELVAGT I
SGGSTNYADSVKGRLTI SRDNAKNTVYLOMNS LKPEDTAVYYCSFVTTNSDYDLGR
DYWGQGTQVTVSS

< »PMP30C11, SEQ ID NO: 442; PRT; -»
EVQLVESGGGLVQAGGSLRLS CAASGRTFS SYDMGNYRQAPGKEREFVAVIS
RSGSSTYYADSVKGRETISRDNAKNTVYLQMNSLKPEDTAIYYCKAEVVAGDYDYW
GQGTQVTVSS

< >PMP28G3, SEQ ID NO: 443; PRT; -»
EVQLVESGGGLVQAGGSLRLSCTASGNIFS TETMGNYRQPPGKQRDVVATI T
HGGTTNYADSVKGRETI SRDNRKNTVYLOMNS LKPEDTGVYYCNARSSWYSPEYW
GQGTQVTVSS
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TABLE B-1-continued

Nanobodies and polypeptides against the IL-6 receptor.
“(t)” refers to a translated protein. Leader sequences and
N-terminal sequences are given as SEQ ID NO’'s: 472-477.

< >PMP28E11, SEQ ID NO: 444; PRT; -»
EVQLVESGGGFVQAGGSLRLSCIASGDNFS INRMGNYRQALGKQRELVATI I TN
HGSTNYADAVKGRFTISRDYAKNTVYLOMNGLKPDDTAVYYCNAY I SEVGTWRDD
YWGQGIQVTVSS

< > 059B.IL6-R.cl5.7(t), SEQ ID NO: 445; PRT; -»
EVQLVESGGGLVQAGGSLRLS CAASGRTFSGADAGWNRQTPGKEREFVAAIN
WSGNSTYYADSVKGRFTVSRDNAKNTVYLOMNSLKPED TAVYYCHAFRDDYYSEG
KGTLVTVSS

< > 0B59A.IL6-Rcl4(t), SEQ ID NO: 446; PRT; -»
EVQLVESGGGLVQAGGSLRLS CAASGRTLS SYDMGNYRQGPGKEREFVAAT S
WSGGGTDYVDSVKGRET ISRDTAKNTMYLOMNSLKPEDTAIYYCNALGTTDSDYEG
ELYWGQGTQVTVSS

< > 0B9A.IL6-Rcl3(t), SEQ ID NO: 447; PRT; -»
EVQLVESGGGLVQPGGSLRLS CAASGFTLDSYAIGWFRQAPGKEPEGVSCIST
SDGSTYYADSVKGRETI SRDNAKNTVYLOMNS LKPEDTAVYYCTADGGPHAPLTVQ
DMCVMAIADYWGQGTQVTVSS

< > 0B9A.IL6-Rcl2(t), SEQ ID NO: 448; PRT; -»
EVQLVESGGGLVQAGGSLRLS CAASGRTFSNIAMGN IREAPGKEREFVAALT
WSGESTYYADSVKGRFT ISRDSAKNTVYLOMNKLKPED TAVYYCVADEEIHLIVSIST
ADFWGQGTQVTVSS

< > 0B9A.IL6-Rcll(t), SEQ ID NO: 449; PRT; -»
EVQLVESGGGLVQAGGSLRLS CAASGLTDDDFAI GWFRQAPGKEPEGVSCISS
SDGSTYYADSVKGREFTI SSDNAKNTVYLOMNS LKPEDTAVYFCTALFDRCGSTWYY
GMDYWGKGTLVTVSS

Bispecific polypeptides against the ILé receptor

< >063.IL-6RPMP35C10cl8, SEQ ID NO: 450; PRT; -»>
EVQLVESGGGLVQAGGSLRLSCAASGRTFSSYDMGWYRQAPGKEREFVAVI
HWSSGSTYYADPVKGRFTISRDNAKNTVYLOMNSLKPEDTAIYYCNAFLPGPEGFHD
YWGQGTQVTVSSGGGGSGGGSEVQLVESGGGLVQPGNSLRLSCAASGFTFRSFGMS
WVRQAPGKEPEWVSSISGSGSDTLYADSVKGRFTISRDNAKTTLYLOMNSLKPEDTA
VYYCTIGGSLSRSSQGTQVTVSS

< >063.IL-6RPMP34G9cl2, SEQ ID NO: 451; PRT; ->
EVQLVESGGGLVQAGGSLRLSCAASGRTSSSYDMTWYRQVPGKEREFVAVIS
WSGGSTYYADSVKGRFTISRDNAKNTVYLOMNSLKPEDTAIYYCNAYTGGGDDYW
GQOGTQVTVSSGGGGSGGGSEVQLVESGGGLVQPGNSLRLSCAASGFTFRSFGMSWV
ROAPGKEPEWVSSISGSGSDTLYADSVKGRFTISRDNAKTTLYLOMNSLKPEDTAVY
YCTIGGSLSRSSQGTQVTVSS

< >063.IL-6RPMP34G3cl4-5, SEQ ID NO: 452; PRT; ->
EVQLVESGGGLVQPGGSLRLSCAASGFTLDYYAIGWFRQAPGKERERVSCISS
SDGSTYYADSVKGRFTISRDNAKNTVYLOMNSLKPEDTAAYYCATDRSVYYCSGGA
PEEYYWGQGTQVTVSSGGGGSGGGSEVQLVESGGGLVQPGNSLRLSCAASGFTFRS
FGMSWVRQAPGKEPEWVSSISGSGSDTLYADSVKGRFTISRDNAKTTLYLOMNSLKP
EDTAVYYCTIGGSLSRSSQGTQVTVSS

< >063.IL-6RPMP34Al2cl2, SEQ ID NO: 453; PRT; -»>
EVQLVESGGGLVQPGGSLRLSCVASGFSLDYYVIGWFRQAPGKEREGVSCISS
SDGSTYYADSVKGRFTISRDNAKNTVYLOMNSLKPEDTAVYYCAADLLRTPEFCVD
SAPYDYWGQGTQVTVSSGGGGSGGGSEVQLVESGGGLVQPGNSLRLSCAASGFTFR
SFGMSWVRQAPGKEPEWVSSISGSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLK
PEDTAVYYCTIGGSLSRSSQGTQVTVSS

< >063.IL-6RPMP31A4cl4, SEQ ID NO: 454; PRT; ->
EVQLVESGGGLVQAGGSLRLSCAASGS IFKVNAMGWYRQAPGKQRELVAGI I
SGGSTNYADSVKGRLTISRDNAKNTVYLOMNSLKPEDTAVYYCSFVTTNSDYDLGR
DYWGQGTQVTVSSGGGGSGGGSEVQLVESGGGLVQPGNSLRLSCAASGF TFRSFGM
SWVRQAPGKEPEWVSSISGSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLKPEDT
AVYYCTIGGSLSRSSQGTQVTVSS

< >063.IL-6R.PMP40H5cl4, SEQ ID NO: 455; PRT; -»>
EVQLVESGGGLVQPGGSLRLSCAASGFSLDYYAIGWFRQAPGKEREGVSCMD
SSSGTTSTYYSDSVKGRFTISRDDAKNTVYLOMNSLKPED TAVYYCAADGHLNWGQ
RYVPCSQISWRGWNDYWGQGTQVTVSSGGGGSGGGSEVQLVESGGGLVQPGNSLR
LSCAASGFTFRSFGMSWVRQAPGKEPEWVSSISGSGSDTLYADSVKGRFTISRDNAK
TTLYLOMNSLKPEDTAVYYCTIGGSLSRSSQGTQVTVSS
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TABLE B-1-continued

Nanobodies and polypeptides against the IL-6 receptor.
“(t)” refers to a translated protein. Leader sequences and
N-terminal sequences are given as SEQ ID NO’'s: 472-477.

< >063.IL-6R.PMP35F4cl3, SEQ ID NO: 456; PRT; -»>
EVQLVESGGGLVQAGGSLRLSCAASGRTFSSYDMGWYRQAPGKEREFVAIIT
WNSSTYYADSVKGRFTISRDNAKNTVYLOMNSLKPEDTAIYYCNAQYGLGYAEDY
WGQGTQVTVSSGGGGSGGGSEVQLVESGGGLVQPGNSLRLSCAASGF TFRSFGMSW
VROQAPGKEPEWVSSISGSGSDTLYADSVKGRFTISRDNAKTTLYLOQMNSLKPEDTAV
YYCTIGGSLSRSSQGTQVTVSS

< >063.IL-6R.PMP35Ellcll, SEQ ID NO: 457; PRT; ->
EVQLVESGGGLVQAGGSLRLSCAASGFTFDDYAIGWFRQAPGKEHEGVSCISS
SDGSTYYADSVKGRFTISSDNAKNTVYLOMNSLKPEDTAVYYCAAERDVPARSLCG
SYYWYDYRGQGTQVTVSSGGGGSGGGSEVQLVESGGGLVQPGNSLRLSCAASGETE
RSFGMSWVRQAPGKEPEWVSSISGSGSDTLYADSVKGRFTISRDNAKTTLYLOMNSL
KPEDTAVYYCTIGGSLSRSSQGTQVTVSS

< >063.IL-6R.PMP34E10cl3, SEQ ID NO: 458; PRT; ->
EVQLVESGGGLVQAGGSLRLSCAASGRTFSSYAMGWGRQAPGKEREFVATIS
WSGGSTYYADSVKGRFTISRDNAKNTVYLOMNSLKPEDTAVYYCAADLAEFKYSD
YADYWGQGTQVTVSSGGGGSGGGSEVQLVESGGGLVQPGNSLRLSCAASGF TFRSF
GMSWVRQAPGKEPEWVSSISGSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLKPE
DTAVYYCTIGGSLSRSSQGTQVTVSS

< >063.IL-6R.PMP34Cllcl3, SEQ ID NO: 459; PRT; ->
EVQLVESGGGLVQPGGSLRLSCAAAGFTLDYSAIGWFRQAPGKEREMFSCISG
SDGSTWYADSVAGRFTISFDNAKNTVYLOMNSLKPEDTGLYICAVTGGVRGPCAYE
YEYWGQGTQVTVSSGGGGSGGGSEVQLVESGGGLVQPGNSLRLSCAASGFTFRSFG
MSWVRQAPGKEPEWVSSISGSGSDTLYADSVKGRFTISRDNAKTTLYLOMNSLKPED
TAVYYCTIGGSLSRSSQGTQVTVSS

< >063.IL-6R.PMP33A3cll, SEQ ID NO: 460; PRT; -»>
EVQLVESGGGLVQPGGSLRLSCAASGFTLDYGAIGWFRQAPGKEREGVSCISS
STGSTYYADSVKGRFTISRDNGKNTVYLOMNSLKPEDTAVYYCAADKMWSPCLVA
ANEEALFEYDYWGQGTQVTVSSGGGGSGGGSEVQLVESGGGLVQPGNSLRLSCAAS
GFTFRSFGMSWVRQAPGKEPEWVSSISGSGSDTLYADSVKGRFTISRDNAKTTLYLQ
MNSLKPEDTAVYYCTIGGSLSRSSQGTQVTVSS

< >063.IL-6R.PMP32E2cl4, SEQ ID NO: 461; PRT; -»>
EVQLVESGGGLVQAGGSLRLSCAASGNIFDDNTMGWTWNRQPPGKQRELVA
IIATDGSTNYADSVKGRFTISRDNAKNTVYLOMNSLKPEDTAVYYCNLFSLRLGRDY
WGQGTQVTVSSGGGGSGGGSEVQLVESGGGLVQPGNSLRLSCAASGF TFRSFGMSW
VROQAPGKEPEWVSSISGSGSDTLYADSVKGRFTISRDNAKTTLYLOQMNSLKPEDTAV
YYCTIGGSLSRSSQGTQVTVSS

< >063.IL-6R.PMP32E10cll, SEQ ID NO: 462; PRT; ->
EVQLVESGGGLVQPGGSLRLSCAASGF TFGSYDMSWVRQAPGKGPEWVSAT
NSGGGSTYYADSVKGRFTISRDNAKNTLYLQMNSLKPEDTAVYYCATDWRYSDYD
LPLPPPGDYWGQGTQVTVSSGGGGSGGGSEVQLVESGGGLVQPGNSLRLSCAASGE
TFRSFGMSWVRQAPGKEPEWVSSISGSGSDTLYADSVKGRFTISRDNAKTTLYLOMN
SLKPEDTAVYYCTIGGSLSRSSQGTQVTVSS

< >063.IL-6R.PMP32C9cl2, SEQ ID NO: 463; PRT; -»>
EVQLVESGGGLVQAGGSLRLSCAASGFTFDDYDIGWFRQAPGKEREGVSGISS
SDGNTYYADSVKGRFTISSDNAKNTVYLOMNSLKPEDTAVYYCAAEPPDSSWYLDG
SPEFFKYWGQGTQVTVSSGGGGSGGGSEVQLVESGGGLVQPGNSLRLSCAASGFTEFR
SFGMSWVRQAPGKEPEWVSSISGSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLK
PEDTAVYYCTIGGSLSRSSQGTQVTVSS

< >063.IL-6R.PMP30Cllcl2, SEQ ID NO: 464; PRT; ->
EVQLVESGGGLVQAGGSLRLSCAASGRTFSSYDMGWYRQAPGKEREFVAVIS
RSGSSTYYADSVKGRFTISRDNAKNTVYLOMNSLKPEDTAIYYCKAEVVAGDYDYW
GQOGTQVTVSSGGGGSGGGSEVQLVESGGGLVQPGNSLRLSCAASGFTFRSFGMSWV
ROAPGKEPEWVSSISGSGSDTLYADSVKGRFTISRDNAKTTLYLOMNSLKPEDTAVY
YCTIGGSLSRSSQGTQVTVSS

< >063.IL-6R.PMP28G3cl3, SEQ ID NO: 465; PRT; -»>
EVQLVESGGGLVQAGGSLRLSCTASGNIFSTETMGWYRQPPGKQRDVVATIT
HGGTTNYADSVKGRFTISRDNRKNTVYLQMNSLKPEDTGVYYCNARSSWYSPEYW
GQOGTQVTVSSGGGGSGGGSEVQLVESGGGLVQPGNSLRLSCAASGFTFRSFGMSWV
ROAPGKEPEWVSSISGSGSDTLYADSVKGRFTISRDNAKTTLYLOMNSLKPEDTAVY
YCTIGGSLSRSSQGTQVTVSS

< >063.IL-6R.PMP28Ellcl4, SEQ ID NO: 466; PRT; ->
EVQLVESGGGFVQAGGSLRLSCIASGDNFEFS INRMGWYRQALGKQRELVAIITN
HGSTNYADAVKGRFTISRDYAKNTVYLOMNGLKPDDTAVYYCNAYISEVGTWRDD
YWGQGIQVTVSSGGGGSGGGSEVQLVESGGGLVQPGNSLRLSCAASGFTFRSFGMS
WVRQAPGKEPEWVSSISGSGSDTLYADSVKGRFTISRDNAKTTLYLOMNSLKPEDTA
VYYCTIGGSLSRSSQGTQVTVSS
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TABLE B-1-continued

Nanobodies and polypeptides against the IL-6 receptor.
“(t)” refers to a translated protein. Leader sequences and
N-terminal sequences are given as SEQ ID NO’'s: 472-477.

< > 059B.IL6-R.cl5.7(t), SEQ ID NO: 467; PRT; -»
EVQLVESGGGLVQAGGSLRLS CAASGRTFSGADAGWNRQTPGKEREFVAAIN
WSGNSTYYADSVKGRFTVSRDNAKNTVYLOMNSLKPEDTAVYYCHAFRDDYYSEG
KGTLVTVS SGGGGSGEGSEVOLVESGGCLVQPGNSLRLSCAASGFTFRSFGMSWVR
QAPGKEPEWVSSISGSGSDTLYADSVKGRFTI SRDNAKTTLYLOMNS LKPEDTAVYY
CTIGGSLSRSSQGTQVTVSS

< > 0B59A.IL6-Rcl4(t), SEQ ID NO: 468; PRT; -»
EVQLVESGGGLVQAGGSLRLS CAASGRTLS SYDMGNYRQGPGKEREFVAAT S
WSGGGTDYVDSVKGRET ISRDTAKNTMYLOMNSLKPEDTAIYYCNALGTTDSDYEG
ELYWGQGTQVTVSSGGGESGGES EVQLVESGGGLYVQPGNS LRLSCAASGFTFSSFG
MSWVRQAPGKGLEWVSS ISGSGSDTLYADSVKGRET I SRDNAKTTLYLOMNSLRPE
DTAVYYCTIGGSLSRSSQGTLVTVSS

< > 0B9A.IL6-Rcl3(t), SEQ ID NO: 469; PRT; -»
EVQLVESGGGLVQPGGSLRLS CAASGFTLDSYAIGWFRQAPGKEPEGVSCIST
SDGSTYYADSVKGRETI SRDNAKNTVYLOMNS LKPEDTAVYYCTADGGPHAPLTVQ
DMCVMAIADYWGQGTQVTVS SGEGGSGGES EVQLVESGCGLYVQPGNS LRLSCAAS
GFTFSSFGMSWVRQAPGKGLEWVSS ISGSGSDTLYADSVKGRETI SRONAKTTLYLQ
MNSLRPEDTAVYYCTIGGSLSRSSQGTLVTVSS

< > 0B9A.IL6-Rcl2(t), SEQ ID NO: 470; PRT; -»
EVQLVESGGGLVQAGGSLRLS CAASGRTFSNIAMGN IREAPGKEREFVAALT
WSGESTYYADSVKGRFT ISRDSAKNTVYLOMNKLKPED TAVYYCVADEEIHLIVSIST
ADFWGQGTQVTVSSGGGGSGEGS EVOLVESGGCLVQPGNS LRLSCAASGFTFSSFG
MSWVRQAPGKGLEWVSS ISGSGSDTLYADSVKGRET I SRDNAKTTLYLOMNSLRPE
DTAVYYCTIGGSLSRSSQGTLVTVSS

< > 0B9A.IL6-Rcll(t), SEQ ID NO: 471; PRT; -»
EVQLVESGGGLVQAGGSLRLS CAASGLTDDDFAI GWFRQAPGKEPEGVSCISS
SDGSTYYADSVKGRETI SSDNAKNTVYLOMNS LKPEDTAVYFCTALFDRCGSTWYY
GMDYWGKGTLVTVS SGGCGSGCEESEVQLVESGGGLVQPCNSLRLS CAASGETFSSF
GMSWVRQAPGKGLEWVS SISGSGSDTLYADSVKGRETI SRDNAKTTLYLQMNSLRP
EDTAVYYCTIGGSLSRSSQGTLVTVSS

Leader sequences and N-terminal sequences

< > llama leader 1, SEQ ID NO: 472; PRT; ->
VKKLLFAIPLVVPFYAAQPAMA

< > llama leader 2, SEQ ID NO: 473; PRT; ->
VKKLLFAIPLVVPFYAAQPAIA

< > llama leader 3, SEQ ID NO: 474; PRT; -> FELASVAQA

< > leader sequence, SEQ ID NO: 475; PRT; ->
MKKTAIAIAVALAGLATVAQA

< > leader sequence, SEQ ID NO: 476; PRT; ->
MKKTAIAFAVALAGLATVAQA

< > N-terminal sequence, SEQ ID NO: 477; PRT; ->
AAAEQKLISEEDLNGAAHHHHHH* *

Trivalent bispecific polypeptides directed against the IL-6
receptor and human serum albumin

< 1IL6R43, SEQ ID NO: 478“; PRT; ->"
EVQLVESGGGLVQAGGSLRLS CAASGS IFKVNAMGNYRQAPGKQRELVAGT I
SGGSTNYADSVKGRLTI SRDNAKNTVYLOMNS LKPEDTAVYYCSFVTTNSDYDLGR
DYWGQGTQVTVS SGGGGSCGGSAVQLVESGGGLYQPGNSLRLS CAASGFTFRSFGM
SWVRQAPGKEPEWVSSI SGSGSDTLYADSVKGRFTI SRDNAKTTLYLQMNS LKPEDT
AVYYCTIGGSLSRSSQGTQVTVS SGGGGSGGGSEVQLVES GGCGLVQAGGSLRLSCAR
SGSIFKVNAMGWYRQAPGKQRELVAGI ISGGS TNYADSVKGRLTI SRDNAKNTVYL
QMNSLKPEDTAVYYCSFVTTNSDYDLGRDYWGQGTQVTVSS

< 1IL6R44, SEQ ID NO: 479“; PRT; -»"
EVQLVESGGGLVQAGGSLRLS CAASGFTFDDYDIGWFRQAPGKEREGVSGISS
SDGNTYYADSVKGRFTI SSDNAKNTVYLOMNS LKPEDTAVYYCAAEPPDSSWYLDG
SPEFFKYWGQGTQVTVS SGEGES GGGSAVQLYESGGGLYVQPGNSLRLSCAASGETF
RSFGMSWVRQAPGKEPEWVSS ISGSGSDTLYADSVKGREFT I SRDNAKTTLYLOMNSL
KPEDTAVYYCTIGGSLSRSSQGTQVTVSSGGEGGSGEGSEVOLVESGGGLVQAGGSLR
LSCAASGFTFDDYDIGWFRQAPGKEREGVSGISSSDGNTYYADSVKGREFTI SSDNAK
NTVYLQMNSLKPEDTAVYYCAAEPPDS SWYLDGS PEFFKYWGQGTQVTVSS
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TABLE B-1-continued

Nanobodies and polypeptides against the IL-6 receptor.
“(t)” refers to a translated protein. Leader sequences and
N-terminal sequences are given as SEQ ID NO’'s: 472-477.

< 1IL6R49, SEQ ID NO: 480“; PRT; -»"
EVQLVESGGGLVQAGGSLRLS CAASGRTSS SYDMTWYRQVPGKEREFVAVIS
WSGESTYYADSVKGRET ISRDNAKNTVYLOMNSLKPEDTAIYYCNAY TGGGDD YW
GOGTQVTVSSGGGGSGEGSAVQLVESGGGLVQPGNS LRLS CAASGFTFRSFGMSWY
ROAPGKEPEWVSSISGSGSDTLYADSVKGRETISRDNAKT TLYLOMNSLKPEDTAVY
YCTIGGSLSRSSQGTQVTVSSGEGGSGGESEVQLVESGCELVQAGGS LRLS CAASGR
TSSSYDMTWYRQVPGKEREFVAVISWSGGS TYYADSVKGRETI SRDNAKNTVYLQM
NSLKPEDTAIYYCNAYTGGGDDYWGQGTQVTVSS

< 1IL6R53, SEQ ID NO: 481“; PRT; ->"
EVQLVESGGGLVQPGGSLRLS CAASGF TFDDYGMSWVRQAPGRATEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTVYLQMNS LKPEDTAVY YCVKGS TAIVGVP
PTYPDEYDYWGQGTQVTVS SGEGCSGEGSAVOLVESGGGLVQPGNSLRLSCAASGE
TFRSFGMSWVRQAPGKEPEWVSS ISGSGSDTLYADSVKGRETI SRDNAKTTLYLOMN
SLKPEDTAVYYCTIGGSLSRS SQGTQVTVS SGGGESGGES EVQLYESGGGLVQPGGS
LRLSCAASGFTFDDYGMSWVRQAPGRATEWVSAT SWNGNNTYY TESMKGRETISRD
NAKNTVYLQMNSLKPED TAVYYCVKGS TAIVGVPPTYPDEYDYWGQGTQVTVSS

< 1IL6R54, SEQ ID NO: 482%; PRT; ->"
EVQLVESGGGLVQPGGSLRLS CAASGFSLDYYAI GNFRQAPGKEREGVSCMD
SSSGTTSTYYSDSVKGRFTISRDDAKNTVYLOMNSLKPEDTAVYYCAADGHLNWGQ
RYVPCSQI SWRGWNDYWGQGTQVTV SSGGGGSGGGSAVQLVESGGGLVQPGNS LR
LSCAASGF TFRS FGMSWVRQAPGKEPEWVS SISGSGSDTLYADSVKGRETI SRDNAK
TTLYLQMNSLKPEDTAVYYCTIGGSLSRSSQGTOVTVS SGGGGSGGGSEVQLVESGE
GLVQPGGSLRLS CAASGFSLDYYAIGWFRQAPGKEREGVS CMDSSSGTTSTYYSDSV
KGRFTISRDDAKNTVYLQMNS LKPEDTAVYYCAADGHLNWGORYVPCSQISWRGH
NDYWGQGTQVTVSS

< , SEQ ID NO: 483“; PRT; -»"
AVQLVESGGGLVQPGNS LRLS CAASGF TFRSFGMSWVRQAPGKEPEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLKPEDTAVYYCTIGGSLSRSSQGT
QUTVSSGGGGSGEGSEVQLVESGGGLVQAGGS LRLS CAASGS T FKVNAMGWYRQA
PGKQRELVAGIISGGSTNYADSVKGRLTISRDNAKNTVYLOMNSLKPEDTAVYYCSF
VTTNSDYDLGRDYWGQGTQVTVS SGCGESGGGSEVQLYESGGCLVQAGGSLRLSC
AASGSIFKVNAMGWYRQAPGKQRELVAGIISGGS TNYADSVKGRLTI SRDNAKNTY
YLOMNSLKPEDTAVYYCSFVTTNSDYDLGRDYWGQGTQVTVSS

< , SEQ ID NO: 484"; PRT; -»"
AVQLVESGGGLVQPGNS LRLS CAASGF TFRSFGMSWVRQAPGKEPEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLKPEDTAVYYCTIGGSLSRSSQGT
QUTVSSGGGGSGEESEVQLVESGGGLVQAGGS LRLS CAASGFTFDDYDIGWEFRQAP
GKEREGVSGISSSDGNTYYADSVKGRETISSDNAKNTVYLOMNSLKPEDTAVY YCA
AEPPDS SWYLDGSPEFFKYWGQGTQVTVSSGGGGSGGESEVQLVESGGGLVQAGGS
LRLSCAASGFTFDDYDIGWFRQAPGKEREGVSGI SSSDGNTYYADSVKGRFTISSDNA
KNTVYLQMNSLKPEDTAVYYCAAEPPDSSWYLDGSPEFFKYWGQGTQVTVSS

< , SEQ ID NO: 485"; PRT; -»"
AVQLVESGGGLVQPGNS LRLS CAASGF TFRSFGMSWVRQAPGKEPEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLKPEDTAVYYCTIGGSLSRSSQGT
QUTVSSGGGGSGEESEVQLVESGGGLVQAGGS LRLS CAASGRT SSSYDMTWYRQVP
GKEREFVAVISWSGGSTYYADSVKGRETISRDNAKNTVYLOMNSLKPEDTAIYYCN
AYTGGGDDYWGQGTQVTVS SGGGES GGGSEVQLYESGGGLVQAGGSLRLSCAASG
RTSSSYDMTWYRQVPGKEREFVAVI SWSGGSTYYADSVKGRET ISRDNAKNTVYLQ
MNSLKPEDTAIYYCNAY TGGGDDYWGQGTQVTVSS

< , SEQ ID NO: 486"; PRT; -»"
AVQLVESGGGLVQPGNS LRLS CAASGF TFRSFGMSWVRQAPGKEPEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLKPEDTAVYYCTIGGSLSRSSQGT
QUTVSSGGGGSGEESEVQLVESGGGLVQPGGS LRLS CAASGFTFDDYGMSWVRQAP
GRATEWVSAISWNGNNTYYTESMKGRFTISRDNAKNTVYLQOMNSLKPEDTAVYYC
VKGSTAIVGVPPTYPDEYDYWGQGTQVTVS SGCGGSGEGS EVOLVESGGCLVQPGG
SLRLSCAASGFTFDDYGMSWVRQAPGRATEWVSAISWNGNNTY YTESMKGRFTISR
DNAKNTVYLOMNSLKPEDTAVYYCVKGSTAIVGVPPTYPDEYDYWGQGTQVTVSS

< , SEQ ID NO: 487"; PRT; -»"
AVQLVESGGGLVQPGNS LRLS CAASGF TFRSFGMSWVRQAPGKEPEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLKPEDTAVYYCTIGGSLSRSSQGT
QUTVSSGGGGSGEESEVQLVESGGGLVQPGGS LRLS CAASGFSLDYYATI GWFRQAP
GKEREGVSCMDS SSGTTSTYYSDSVKGRFTISRDDAKNTVYLOMNSLKPEDTAVYY
CAADGHLNWGQRYVPCSQI SWRGWNDYWGQGTQV TV S SGECGSGGGSEVOLVES
GGGLVQPGGSLRLSCAASGFSLDYYAIGWFRQAPGKEREGVSCMDSSSGTTSTYYSD
SVKGRFTISRDDAKNTVYLQMNS LKPEDTAVY YCAADGHLNWGQRYVPCSQISWR
GWNDYWGQGTQVTVSS
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TABLE B-1-continued

Nanobodies and polypeptides against the IL-6 receptor.
“(t)” refers to a translated protein. Leader sequences and
N-terminal sequences are given as SEQ ID NO’'s: 472-477.

< , SEQ ID NO: 488"; PRT; -»"
EVQLVESGGGLVQAGGSLRLS CAASGS IFKVNAMGNYRQAPGKQRELVAGT I
SGGSTNYADSVKGRLTI SRDNAKNTVYLOMNS LKPEDTAVYYCSFVTTNSDYDLGR
DYWGQGTQVTVS SGGGGSGGGSEVQLVESGGELVQAGGSLRLS CAASGS IFKVNA
MGWYRQAPGKQRELVAGI I SGGS TNYADSVKGRLTI SRONAKNTVYLOMNS LKPED
TAVYYCSFVTTNSDYDLGRDYWGQGTQVTVSSGGGGSGGESAVQLVESGGGLVQP
GNSLRLSCAASGEFTFRS FGMSWVRQAPGKEPEWVSS I SGSGSDTLYADSVKGRFTISR
DNAKTTLYLQMNSLKPEDTAVYYCTIGGSLSRSSQGTQUTVSS

< , SEQ ID NO: 489“; PRT; -»"
EVQLVESGGGLVQAGGSLRLS CAASGFTFDDYDIGWFRQAPGKEREGVSGISS
SDGNTYYADSVKGRETI SSDNAKNTVYLOMNS LKPEDTAVYYCAAEPPDSSWYLDG
SPEFFKYWGQGTQVTVS SGEGGESCGES EVOLYESGGGLVQAGGSLRLSCAASGETF
DDYDIGWFRQAPGKEREGVSGISSSDGNTY YADSVKGRETISSDNAKNTVYLOMNSL
KPEDTAVYYCAAEPPDS SWYLDGSPEFFKYWGQGTQVTVS SGGGGSGGGSAVQLY
ESGGGLVQPGNS LRLSCAASGFTFRSFCGMSWVRQAPGKEPEWVSS ISGSGSDTLYAD
SVKGRFTISRDNAKTTLYLQMNS LKPEDTAVYYCTIGGSLSRSSQGTQVTVSS

< , SEQ ID NO: 490“; PRT; -»"
EVQLVESGGGLVQAGGSLRLS CAASGRTSS SYDMTWYRQVPGKEREFVAVIS
WSGESTYYADSVKGRET ISRDNAKNTVYLOMNSLKPEDTAIYYCNAY TGGGDD YW
GOGTQVTVSSGGGGSGGGS EVQLVESGGGLVQAGGS LRLS CAASGRTSS SYDMTW
YRQVPGKEREFVAVISWSGGS TYYADSVKGRETI SRDNAKNTVYLQOMNS LKPEDTAT
YYCNAY TGGGDD YWGQGTQVTVS SGGGGSGEESAVQLVES GGGLVQPGNSLRLSC
AASGFTFRSFGMSWVRQAPGKEPEWVSSISGSGSDTLYADSVKGRETISRDNAKTTL
YLOMNSLKPEDTAVYYCTIGGSLSRSSQGTQVTVSS

< , SEQ ID NO: 491%; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGF TFDDYGMSWVRQAPGRATEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTVYLQMNS LKPEDTAVY YCVKGS TAIVGVP
PTYPDEYDYWGQGTQVTVS SGEGCSGEGSEVQLVESGGGLVQPGGSLRLSCAASGE
TFDDYGMSWVRQAPGRATEWVSAISWNGNNTYYTESMKGRETI SRDNAKNTVYLQ
MNSLKPEDTAVYYCVKGSTAIVGVPPTYPDEYDYWGQGTQVTVSSGGGGSGCESA
VQLVESGGCLVQPGNSLRLSCAASGFTFRS FGMSWVRQAPGKEPEWVSSISGSGSDT
LYADSVKGRFTISRDNAKTTLYLQMNS LKPEDTAVYYCTIGGSLSRSSQGTQVTVSS

< , SEQ ID NO: 492%; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGFSLDYYAI GNFRQAPGKEREGVSCMD
SSSGTTSTYYSDSVKGRFTISRDDAKNTVYLOMNSLKPEDTAVYYCAADGHLNWGQ
RYVPCSQI SWRGWNDYWGQGTQVTV SSGGGGSGGGS EVQLVESGGGLVQPGGSLR
LSCAASGFSLDYYAIGWFRQAPGKEREGVSCMDS SSGTTS TYYSDSVKGRETISRDD
AKNTVYLQMNSLKPEDTAVYYCAADGHLNWGQRYVPCSQI SWRGWND YWGQGT
QUTVSSGGGGSGGGSAVQLVESGGGLVQPGNS LRLS CAASGFTFRSFGMSWVRQAP
GKEPEWVSSISGSGSDTLYADSVKGREFTISRDNAKTTLYLQMNSLKPEDTAVYYCTT
GGSLSRSSQGTQVTVSS

Humanized trivalent bispecific polypeptides directed against
the IL-6 receptor and human serum albumin

< , SEQ ID NO: 493“; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGS IFKVNAMGWYRQAPGKGRELVAGT I
SGGSTNYADSVKGRLTI SRDNAKNTVYLOMNS LRPEDTAVYYCSFVTTNSDYDLGR
DYWGQGTLVTVS SGGGGSCGGSEVQLVESGGGLYQPGNSLRLS CAASGFTFSSFGM
SWVRQAPGKGLEWVSSI SGSGSDTLYADSVKGRFTI SRDNAKTTLYLQMNS LRPEDT
AVYYCTIGGSLSRSSQGTLVTVS SGGGGSGGGSEVQLVES GGCLVQPGGSLRLSCAR
SGSIFKVNAMGWYRQAPGKGRELVAGI ISGGS TNYADSVKGRLTI SRDNAKNTVYL
QMNSLRPEDTAVYYCSFVTTNSDYDLGRDYWGQGTLVTVSS

< , SEQ ID NO: 494“; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGS IFKVNAMGNYRQAPGKGRELVAGT I
SGGSTNYADSVKGRETI SRDNAKNTVYLOMNS LRPEDTAVYYCSFVTTNSDYDLGR
DYWGQGTLVTVS SGGGGSCGGSEVQLVESGGGLYQPGNSLRLS CAASGF TFSSFGM
SWVRQAPGKGLEWVSSI SGSGSDTLYADSVKGRFTI SRDNAKTTLYLQMNS LRPEDT
AVYYCTIGGSLSRSSQGTLVTVS SGGGGSGGGSEVQLVES GGCLVQPGGSLRLSCAR
SGSIFKVNAMGWYRQAPGKGRELVAGI ISGGS TNYADSVKGRETI SRDNAKNTVYLQ
MNSLRPEDTAVYYCSFVTTNSDYDLGRDYWGQGTLVTVSS

< , SEQ ID NO: 495%; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGS IFKVNAMGNYRQAPGKGRELVAGT I
SGGSTNYADSVKGRLTI SRDNAKNTLYLOMNS LRPEDTAVYYCSFVTTNSDYDLGR
DYWGQGTLVTVS SGGGGSCGGSEVQLVESGGGLYQPGNSLRLS CAASGFTFSSFGM
SWVRQAPGKGLEWVSSI SGSGSDTLYADSVKGRFTI SRDNAKTTLYLQMNS LRPEDT
AVYYCTIGGSLSRSSQGTLVTVS SGGGGSGGGSEVQLVES GGCLVQPGGSLRLSCAR
SGSIFKVNAMGWYRQAPGKGRELVAGI ISGGS TNYADSVKGRLTI SRDNAKNTLYLQ
MNSLRPEDTAVYYCSFVTTNSDYDLGRDYWGQGTLVTVSS



US 10,618,966 B2
167

TABLE B-1-continued

Nanobodies and polypeptides against the IL-6 receptor.
“(t)” refers to a translated protein. Leader sequences and
N-terminal sequences are given as SEQ ID NO’'s: 472-477.

< , SEQ ID NO: 496"; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGS IFKVNAMGWYRQAPGKGRELVAGT I
SGGSTNYADSVKGRLTI SRDNAKNTVYLOMNS LRPEDTAVYYCAFVTTNSDYDLGR
DYWGQGTLVTVS SGGGGSCGGSEVQLVESGGGLYQPGNSLRLS CAASGFTFSSFGM
SWVRQAPGKGLEWVSSI SGSGSDTLYADSVKGRFTI SRDNAKTTLYLQMNS LRPEDT
AVYYCTIGGSLSRSSQGTLVTVS SGGGGSGGGSEVQLVES GGCLVQPGGSLRLSCAR
SGSIFKVNAMGWYRQAPGKGRELVAGI ISGGS TNYADSVKGRLTI SRDNAKNTVYL
QMNSLRPEDTAVYYCAFVTTNSDYDLGRDYWGQGTLVTVSS

< 1IL6R67, SEQ ID NO: 497“; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGS IFKVNAMGWYRQAPGKGRELVAGT I
SGGSTNYADSVKGRETI SRDNAKNTLYLOMNS LRPEDTAVYYCAFVTTNSDYDLGR
DYWGQGTLVTVS SGGGGSCGGSEVQLVESGGGLYQPGNSLRLS CAASGF TFSSFGM
SWVRQAPGKGLEWVSSI SGSGSDTLYADSVKGRFTI SRDNAKTTLYLQMNS LRPEDT
AVYYCTIGGSLSRSSQGTLVTVS SGGGGSGGGSEVQLVES GGCLVQPGGSLRLSCAR
SGSIFKVNAMGWYRQAPGKGRELVAGI ISGGS TNYADSVKGRETI SRDNAKNTLYLQ
MNSLRPEDTAVYYCAFVTTNSDYDLGRDYWGQGTLVTVSS

< , SEQ ID NO: 498"; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGFTFDDYDIGWFRQAPGKGREGVSGISS
SDGNTYYADSVKGRFTI SSDNAKNTVYLOMNS LRPEDTAVYYCAAEPPDSSWYLDG
SPEFFKYWGQGTLVTVS SGGGGSGGGS EVQLVESGGGLVQPGNSLRLSCAASGETES
SFGMSWVRQAPGKGLEWVSSISGSGSDTLYADSVKGRFTI SRDNAKTTLYLQMNSL
RPEDTAVYYCTIGGSLSRS SQGTLVTVS SGGEGSGEGS EVQLVESGGCLVQPGGSLR
LSCAASGFTFDDYDIGWFRQAPGKGREGVSGISSSDGNTYYADSVKGREFTI SSDNAK
NTVYLQMNSLRPEDTAVYYCAAEPPDS SWYLDGS PEFFKYWGQGTLYTVSS

< , SEQ ID NO: 499“; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGFTFSDYDIGWFRQAPGKGREGVSGISS
SDGNTYYADSVKGRFTI SSDNAKNTVYLOMNS LRPEDTAVYYCAAEPPDSSWYLDG
SPEFFKYWGQGTLVTVS SGGGGSGGGS EVQLVESGGGLVQPGNSLRLSCAASGETES
SFGMSWVRQAPGKGLEWVSSI SGSGSDTLYADSVKGRFTI SRDNAKTTLYLQMNSL
RPEDTAVYYCTIGGSLSRS SQGTLVTVS SGGEGSGEGS EVQLVESGGCLVQPGGSLR
LSCAASGFTFSDYDIGWFRQAPGKGREGVSGISSSDGNTYYADSVKGREFTI SSDNAK
NTVYLQMNSLRPEDTAVYYCAAEPPDS SWYLDGS PEFFKYWGQGTLYTVSS

< , SEQ ID NO: 500"“; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGFTFDDYDIGWFRQAPGKGREGVSGISS
SDGNTYYADSVKGRETI SRDNAKNTVYLOMNS LRPEDTAVYYCAAEPPDSSWYLDG
SPEFFKYWGQGTLVTVS SGGGGSGGGS EVQLVESGGCLVQPGNSLRLSCAASGETES
SFGMSWVRQAPGKGLEWVSSISGSGSDTLYADSVKGRFTI SRDNAKTTLYLQMNSL
RPEDTAVYYCTIGGSLSRS SQGTLVTVS SGGEGSGEGS EVQLVESGGCLVQPGGSLR
LSCAASGFTFDDYDIGWFRQAPGKGREGVSGISSSDGNTY YADSVKGRETI SRDNAK
NTVYLQMNSLRPEDTAVYYCAAEPPDS SWYLDGS PEFFKYWGQGTLVTVSS

< , SEQ ID NO: 501%“; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGFTFDDYDIGWFRQAPGKGREGVSGISS
SDGNTYYADSVKGRETI SSDNAKNTLYLOMNS LRPEDTAVYYCAAEPPDSSWYLDG
SPEFFKYWGQGTLVTVS SGGGGSGGGS EVQLVESGGGLVQPGNSLRLSCAASGETES
SFGMSWVRQAPGKGLEWVSSISGSGSDTLYADSVKGRFTI SRDNAKTTLYLQMNSL
RPEDTAVYYCTIGGSLSRS SQGTLVTVS SGGEGSGEGS EVQLVESGGCLVQPGGSLR
LSCAASGFTFDDYDIGWFRQAPGKGREGVSGISSSDGNTYYADSVKGREFTI SSDNAK
NTLYLQMNSLRPEDTAVYYCAAEPPDS SWYLDGS PEFFKYWGQGTLVTVSS

< 1IL6R203, SEQ ID NO: 502“; PRT; ->"
EVQLVESGGGLVQPGGSLRLS CAASGFTFSDYDIGWFRQAPGKGREGVSGISS
SDGNTYYADSVKGRETI SRDNAKNTLYLOMNS LRPEDTAVYYCAAEPPDSSWYLDG
SPEFFKYWGQGTLVTVS SGGGGSGGGS EVQLVESGGGLVQPGNSLRLSCAASGETES
SFGMSWVRQAPGKGLEWVSSI SGSGSDTLYADSVKGRFTI SRDNAKTTLYLQMNSL
RPEDTAVYYCTIGGSLSRS SQGTLVTVS SGGEGSGEGS EVQLVESGGCLVQPGGSLR
LSCAASGFTFSDYDIGWFRQAPGKGREGVSGISSSDGNTY YADSVKGRETI SRDNAK
NTLYLQMNSLRPEDTAVYYCAAEPPDS SWYLDGS PEFFKYWGQGTLVTVSS

< , SEQ ID NO: 503“; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGF TFDDYGMSWVRQAPGRATEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTVYLQMNS LRPEDTAVY YCVKGS TAIVGYVP
PTYPDEYDYWGQGTLVTVS SGGGCSGEGSEVQLVESGGGLVQPGNSLRLSCAASGE
TFSSFGMSWVRQAPGKGLEWVSS ISGSGSDTLYADSVKGRETI SRDNAKTTLYLOMN
SLRPEDTAVYYCTIGGSLSRS SQETLVTVS SGGGES GGES EVQLVESGGGLVQPGGS
LRLSCAASGFTFDDYGMSWVRQAPGRATEWVSAT SWNGNNTYY TESMKGRETISRD
NAKNTVYLQMNSLRPED TAVYYCVKGS TAIVGVPPTYPDEYDYWGQGTLVTVSS

< , SEQ ID NO: 504“; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGEF TFDDYGMSWVRQAPGKGLEWVSAT

SWNGNNTYYTESMKGRETI SRDNAKNTVYLQMNS LRPEDTAVY YCVKGS TAIVGVP
PTYPDEYDYWGQGTLVTVS SGGGCSGEGSEVQLVESGGGLVQPGNSLRLSCAASGE

168
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TFSSFGMSWVRQAPGKGLEWVSSISGSGSDTLYADSVKGRFTISRDNAKTTLYLOMN
SLRPEDTAVYYCTIGGSLSRSSQGTLVTVSSGGGGSGGGSEVQLVESGGGLVQPGGS
LRLSCAASGFTFDDYGMSWVRQAPGKGLEWVSAI SWNGNNTYYTESMKGRFTISRD
NAKNTVYLOMNSLRPEDTAVYYCVKGSTAIVGVPPTYPDEYDYWGQGTLVTVSS

< , SEQ ID NO: 505"“; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGF TFDDYGMSWVRQAPGRATEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTLYLQMNS LRPEDTAVY YCVKGS TAIVGVP
PTYPDEYDYWGQGTLVTVS SGGGCSGEGSEVQLVESGGGLVQPGNSLRLSCAASGE
TFSSFGMSWVRQAPGKGLEWVSS ISGSGSDTLYADSVKGRETI SRDNAKTTLYLOMN
SLRPEDTAVYYCTIGGSLSRS SQETLVTVS SGGGES GGES EVQLVESGGGLVQPGGS
LRLSCAASGFTFDDYGMSWVRQAPGRATEWVSAT SWNGNNTYY TESMKGRETISRD
NAKNTLYLQMNSLRPED TAVYYCVKGS TAIVGVPPTYPDEYDYWGQGTLVTVSS

< , SEQ ID NO: 506"; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGEF TFDDYGMSWVRQAPGKGLEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTLYLQMNS LRPEDTAVY YCVKGS TAIVGVP
PTYPDEYDYWGQGTLVTVS SGGGCSGEGSEVQLVESGGGLVQPGNSLRLSCAASGE
TFSSFGMSWVRQAPGKGLEWVSS ISGSGSDTLYADSVKGRETI SRDNAKTTLYLOMN
SLRPEDTAVYYCTIGGSLSRS SQETLVTVS SGGGES GGES EVQLVESGGGLVQPGGS
LRLSCAASGFTFDDYGMSWVRQAPGKGLEWVSAT SWNGNNTYY TESMKGRETISRD
NAKNTLYLQMNSLRPED TAVYYCVKGS TAIVGVPPTYPDEYDYWGQGTLVTVSS

< , SEQ ID NO: 507"“; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGF TFDDYGMSWVRQAPGRGLEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTLYLQMNS LRPEDTAVY YCVKGS TAIVGVP
PTYPDEYDYWGQGTLVTVS SGGGCSGEGSEVQLVESGGGLVQPGNSLRLSCAASGE
TFSSFGMSWVRQAPGKGLEWVSS ISGSGSDTLYADSVKGRETI SRDNAKTTLYLOMN
SLRPEDTAVYYCTIGGSLSRS SQETLVTVS SGGGES GGES EVQLVESGGGLVQPGGS
LRLSCAASGFTFDDYGMSWVRQAPGRGLEWVSAT SWNGNNTYY TESMKGRETISRD
NAKNTLYLQMNSLRPED TAVYYCVKGS TAIVGVPPTYPDEYDYWGQGTLVTVSS

< , SEQ ID NO: 508"; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGEF TFDDYGMSWVRQAPGRALEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTLYLQMNS LRPEDTAVY YCVKGS TAIVGVP
PTYPDEYDYWGQGTLVTVS SGGGCSGEGSEVQLVESGGGLVQPGNSLRLSCAASGE
TFSSFGMSWVRQAPGKGLEWVSS ISGSGSDTLYADSVKGRETI SRDNAKTTLYLOMN
SLRPEDTAVYYCTIGGSLSRS SQETLVTVS SGGGES GGES EVQLVESGGGLVQPGGS
LRLSCAASGFTFDDYGMSWVRQAPGRALEWVSAT SWNGNNTYY TESMKGRETISRD
NAKNTLYLQMNSLRPED TAVYYCVKGS TAIVGVPPTYPDEYDYWGQGTLVTVSS

< , SEQ ID NO: 509“; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGEF TFDDYGMSWVRQAPGKATEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTLYLQMNS LRPEDTAVY YCVKGS TAIVGVP
PTYPDEYDYWGQGTLVTVS SGGGCSGEGSEVQLVESGGGLVQPGNSLRLSCAASGE
TFSSFGMSWVRQAPGKGLEWVSS ISGSGSDTLYADSVKGRETI SRDNAKTTLYLOMN
SLRPEDTAVYYCTIGGSLSRS SQETLVTVS SGGGES GGES EVQLVESGGGLVQPGGS
LRLSCAASGFTFDDYGMSWVRQAPGKATEWVSAT SWNGNNTYY TESMKGRETISRD
NAKNTLYLQMNSLRPED TAVYYCVKGS TAIVGVPPTYPDEYDYWGQGTLVTVSS

< 1IL6R92, SEQ ID NO: 510%; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGEF TFDDYGMSWVRQAPGKGTEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTLYLQMNS LRPEDTAVY YCVKGS TAIVGVP
PTYPDEYDYWGQGTLVTVS SGGGCSGEGSEVQLVESGGGLVQPGNSLRLSCAASGE
TFSSFGMSWVRQAPGKGLEWVSS ISGSGSDTLYADSVKGRETI SRDNAKTTLYLOMN
SLRPEDTAVYYCTIGGSLSRS SQETLVTVS SGGGES GGES EVQLVESGGGLVQPGGS
LRLSCAASGFTFDDYGMSWVRQAPGKGTEWVSAT SWNGNNTYY TESMKGRETISRD
NAKNTLYLQMNSLRPED TAVYYCVKGS TAIVGVPPTYPDEYDYWGQGTLVTVSS

< , SEQ ID NO: 511%“; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGF TFDDYGMSWVRQAPGRGTEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTLYLQMNS LRPEDTAVY YCVKGS TAIVGVP
PTYPDEYDYWGQGTLVTVS SGGGCSGEGSEVQLVESGGGLVQPGNSLRLSCAASGE
TFSSFGMSWVRQAPGKGLEWVSS ISGSGSDTLYADSVKGRETI SRDNAKTTLYLOMN
SLRPEDTAVYYCTIGGSLSRS SQETLVTVS SGGGES GGES EVQLVESGGGLVQPGGS
LRLSCAASGFTFDDYGMSWVRQAPGRGTEWVSAT SWNGNNTYY TESMKGRETISRD
NAKNTLYLQMNSLRPED TAVYYCVKGS TAIVGVPPTYPDEYDYWGQGTLVTVSS

< , SEQ ID NO: 512%; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGEF TFDDYGMSWVRQAPGKALEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTLYLQMNS LRPEDTAVY YCVKGS TAIVGVP
PTYPDEYDYWGQGTLVTVS SGGGCSGEGSEVQLVESGGGLVQPGNSLRLSCAASGE
TFSSFGMSWVRQAPGKGLEWVSS ISGSGSDTLYADSVKGRETI SRDNAKTTLYLOMN
SLRPEDTAVYYCTIGGSLSRS SQETLVTVS SGGGES GGES EVQLVESGGGLVQPGGS
LRLSCAASGFTFDDYGMSWVRQAPGKALEWVSAT SWNGNNTYY TESMKGRETISRD
NAKNTLYLQMNSLRPED TAVYYCVKGS TAIVGVPPTYPDEYDYWGQGTLVTVSS
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< , SEQ ID NO: 513“; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGF TFSDYGMSWVRQAPGKGTEWVSATS
WNGNNTYYTESMKGRET I SRDNAKNTLYLOMNSLRPEDTAVYYCVKGSTAIVGVPP
TYPDEYDYWGQGTLVTVSSGGGGESGEESEVQLVESGGGLYQPGNS LRLSCAASGET
FSSFGMSWVRQAPGKCGLEWVS ST SGSGSDTLYADSVKGRETISRDNAKT TLYLOMNS
LRPEDTAVYYCTIGGSLSRSSQGTLVTVSSGGGGSGGGSEVOLVESGGGLVQPGGSL
RLSCAASGFTFSDYGMSWVRQAPGKGTEWVSAI SWNGNNTYYTESMKGRET ISRDN
AKNTLYLQMNSLRPEDTAVYYCVKGSTAIVGVPPTYPDEYDYWGQGTLVTVSS

< , SEQ ID NO: 514"; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGFTFSDYGMSWVRQAPGKGTEWVSATS
WNGNNTYYTESMKGRET I SRDNAKNTLYLOMNSLRPEDTAVYYCAKGSTAIVGVPP
TYPDEYDYWGQGTLVTVSSGGGGESGEESEVQLVESGGGLYQPGNS LRLSCAASGET
FSSFGMSWVRQAPGKGLEWVS ST SGSGSDTLYADSVKGRETISRDNAKT TLYLOMNS
LRPEDTAVYYCTIGGSLSRSSQGTLVTVSSGGGGSGGGSEVOLVESGGGLVQPGGSL
RLSCAASGFTFSDYGMSWVRQAPGKGTEWVSAI SWNGNNTYYTESMKGRET ISRDN
AKNTLYLQMNSLRPEDTAVYYCAKGSTAIVGVPPTYPDEYDYWGQGTLVTVSS

< , SEQ ID NO: 515%; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGS IFKVNAMGNYRQAPGKGRELVAGT I
SGGSTNYADSVKGRLTI SRDNAKNTVYLOMNS LRPEDTAVYYCSFVTTNSDYDLGR
DYWGQGTLVTVS SGGGGSCGGSEVQLVESGGGLYQPGGSLRLS CAASGS IFKVNAM
GWYRQAPGKGRELVAGI ISGGSTNYADSVKGRLT ISRDNAKNTVYLQMNSLRPEDT
AVYYCSFVTTNSDYDLGRDYWGQGTLVTVS SGEGGSGGGS EVQLVESGGGLVQPG
NSLRLSCAASGFTFSSFGMSWVRQAPGKGLEWVS ST SGSGSDTLYADSVKGREFTISRD
NAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRSSQGTLVTVSS

< , SEQ ID NO: 516"; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGS IFKVNAMGNYRQAPGKGRELVAGT I
SGGSTNYADSVKGRETI SRDNAKNTVYLOMNS LRPEDTAVYYCSFVTTNSDYDLGR
DYWGQGTLVTVS SGGGGSCGGSEVQLVESGGGLYQPGGSLRLS CAASGS IFKVNAM
GWYRQAPGKGRELVAGI ISGGSTNYADSVKGRFTISRDNAKNTVYLQMNSLRPEDT
AVYYCSFVTTNSDYDLGRDYWGQGTLVTVS SGEGGSGGGS EVQLVESGGGLVQPG
NSLRLSCAASGFTFSSFGMSWVRQAPGKGLEWVS ST SGSGSDTLYADSVKGRETISRD
NAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRSSQGTLVTVSS

< , SEQ ID NO: 517"“; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGS IFKVNAMGNYRQAPGKGRELVAGT I
SGGSTNYADSVKGRLTI SRDNAKNTLYLOMNS LRPEDTAVYYCSFVTTNSDYDLGR
DYWGQGTLVTVS SGGGGSCGGSEVQLVESGGGLYQPGGESLRLS CAASGS IFKVNAM
GWYRQAPGKGRELVAGI ISGGSTNYADSVKGRLT ISRDNAKNTLYLOMNSLRPEDT
AVYYCSFVTTNSDYDLGRDYWGQGTLVTVS SGEGGSGGGS EVQLVESGGGLVQPG
NSLRLSCAASGFTFSSFGMSWVRQAPGKGLEWVS ST SGSGSDTLYADSVKGRETISRD
NAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRSSQGTLVTVSS

< , SEQ ID NO: 518%; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGS IFKVNAMGNYRQAPGKGRELVAGT I
SGGSTNYADSVKGRLTI SRDNAKNTVYLOMNS LRPEDTAVYYCAFVTTNSDYDLGR
DYWGQGTLVTVS SGGGGSCGGSEVQLVESGGGLYQPGGSLRLS CAASGS IFKVNAM
GWYRQAPGKGRELVAGI ISGGSTNYADSVKGRLT ISRDNAKNTVYLQMNSLRPEDT
AVYYCAFVTTNSDYDLGRDYWGQGTLVTVS SGGGGSGGGS EVQLVESGGGLVQPG
NSLRLSCAASGFTFSSFGMSWVRQAPGKGLEWVS ST SGSGSDTLYADSVKGREFTISRD
NAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRSSQGTLVTVSS

< , SEQ ID NO: 519“; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGS IFKVNAMGNYRQAPGKGRELVAGT I
SGGSTNYADSVKGRETI SRDNAKNTLYLOMNS LRPEDTAVYYCAFVTTNSDYDLGR
DYWGQGTLVTVS SGGGGSCGGSEVQLVESGGGLYQPGGSLRLS CAASGS IFKVNAM
GWYRQAPGKGRELVAGI ISGGSTNYADSVKGRFTISRDNAKNTLYLOMNSLRPEDT
AVYYCAFVTTNSDYDLGRDYWGQGTLVTVS SGGGGSGGGS EVQLVESGGGLVQPG
NSLRLSCAASGFTFSSFGMSWVRQAPGKGLEWVS ST SGSGSDTLYADSVKGRETISRD
NAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRSSQGTLVTVSS

< , SEQ ID NO: 520%“; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGFTFDDYDIGWFRQAPGKGREGVSGISS
SDGNTYYADSVKGRFTI SSDNAKNTVYLOMNS LRPEDTAVYYCAAEPPDSSWYLDG
SPEFFKYWGQGTLVTVS SGEGGESGGES EVOLYESGGGLVQPGGSLRLSCAASGFTED
DYDIGWFRQAPGKGREGVSGISSSDGNTYYADSVKGRETI SSDNAKNTVYLOMNSL
RPEDTAVYYCAAEPPDS SWYLDGSPEFFKYWGQGTLVTVS SGEGGGSGGGSEVQLVE
SGGCLVQPGNSLRLSCAASGE TFSSFGMSWVRQAPGKGLEWVS SISGSGSDTLYADS
VKGREFTISRDNAKTTLYLOMNSLRPEDTAVYYCTIGGSLSRSSQGTLVTVSS

< , SEQ ID NO: 521%“; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGFTFSDYDIGWFRQAPGKGREGVSGISS

SDGNTYYADSVKGRFTI SSDNAKNTVYLOMNS LRPEDTAVYYCAAEPPDSSWYLDG
SPEFFKYWGQGTLVTVS SGCGGSGGGS EVOLVESGECLVQPGGSLRLSCAASGETES
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DYDIGWFRQAPGKGREGVSGISSSDGNTYYADSVKGRFTISSDNAKNTVYLQOMNSL
RPEDTAVYYCAAEPPDSSWYLDGSPEFFKYWGQGTLVTVSSGGGGSGGGSEVQLVE
SGGGLVQPGNSLRLSCAASGFTFSSFGMSWVRQAPGKGLEWVSSISGSGSDTLYADS
VKGRFTISRDNAKTTLYLOQMNSLRPEDTAVYYCTIGGSLSRSSQGTLVTVSS

< , SEQ ID NO: 522%; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGFTFDDYDIGWFRQAPGKGREGVSGISS
SDGNTYYADSVKGRETI SRDNAKNTVYLOMNS LRPEDTAVYYCAAEPPDSSWYLDG
SPEFFKYWGQGTLVTVS SGEGGESGGES EVOLYESGGGLVQPGGSLRLSCAASGFTED
DYDIGWFRQAPGKGREGVSGISSSDGNTYYADSVKGRETI SRONAKNTVYLOMNSL
RPEDTAVYYCAAEPPDS SWYLDGSPEFFKYWGQGTLVTVS SGEGGGSGGGSEVQLVE
SGGCLVQPGNSLRLSCAASGE TFSSFGMSWVRQAPGKGLEWVS SISGSGSDTLYADS
VKGREFTISRDNAKTTLYLOMNSLRPEDTAVYYCTIGGSLSRSSQGTLVTVSS

< , SEQ ID NO: 523%; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGFTFDDYDIGWFRQAPGKGREGVSGISS
SDGNTYYADSVKGRETI SSDNAKNTLYLOMNS LRPEDTAVYYCAAEPPDSSWYLDG
SPEFFKYWGQGTLVTVS SGCGESGGES EVOLYESGGGLVQPGGSLRLSCAASGFTED
DYDIGWFRQAPGKGREGVSGI SSSDGNTYYADSVKGREFTI SSDNAKNTLYLOMNSLR
PEDTAVYYCAAEPPDSSWYLDGS PEFFKYWGQGTLY TVSSGGGGSGGGSEVQLVES
GGGLVQPGNSLRLSCAASGFTFS SFGMSWVRQAPGKGLEWVSS ISGSGSDTLYADSY
KGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRSSQGTLVTVSS

< , SEQ ID NO: 524"; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGFTFSDYDIGWFRQAPGKGREGVSGISS

SDGNTYYADSVKGRETI SRDNAKNTLYLOMNS LRPEDTAVYYCAAEPPDSSWYLDG
SPEFFKYWGQGTLVTVS SGCGGSGGGS EVOLVESGGCLVQPGGSLRLSCAASGETES
DYDIGWFRQAPGKGREGVSGISSSDGNTYYADSVKGRETI SRONAKNTL YLOMNSL
RPEDTAVYYCAAEPPDS SWYLDGSPEFFKYWGQGTLVTVS SGEGGGSGGGSEVQLVE
SGGCLVQPGNSLRLSCAASGE TFSSFGMSWVRQAPGKGLEWVS SISGSGSDTLYADS
VKGREFTISRDNAKTTLYLOMNSLRPEDTAVYYCTIGGSLSRSSQGTLVTVSS

< , SEQ ID NO: 525%; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGF TFDDYGMSWVRQAPGRATEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTVYLQMNS LRPEDTAVY YCVKGS TAIVGYVP
PTYPDEYDYWGQGTLVTVS SGGGCSGEGSEVQLVESGGGLVQPGGSLRLSCAASGE
TFDDYGMSWVRQAPGRATEWVSAISWNGNNTYYTESMKGRETI SRDNAKNTVYLQ
MNSLRPEDTAVYYCVKGSTAIVGVPPTYPDEYDYWGQGTLVTVSSGGGGSGGGSEY
QLVESGGGLVQPGNSLRLS CAASGFTFSSFGMSWVRQAPGKGLEWVS ST SGSGSDTL
YADSVKGRETISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRSSQGTLVTVSS

< , SEQ ID NO: 526"; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGEF TFDDYGMSWVRQAPGKGLEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTVYLQMNS LRPEDTAVY YCVKGS TAIVGVP
PTYPDEYDYWGQGTLVTVS SGGGCSGEGSEVQLVESGGGLVQPGGSLRLSCAASGE
TFDDYGMSWVRQAPGKGLEWVSAISWNGNNTYYTESMKGRETI SRDNAKNTVYLQ
MNSLRPEDTAVYYCVKGSTAIVGVPPTYPDEYDYWGQGTLVTVSSGGGGSGGGSEY
QLVESGGGLVQPGNSLRLS CAASGFTFSSFGMSWVRQAPGKGLEWVS ST SGSGSDTL
YADSVKGRETISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRSSQGTLVTVSS

< , SEQ ID NO: 527%“; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGF TFDDYGMSWVRQAPGRATEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTLYLQMNS LRPEDTAVY YCVKGS TAIVGVP
PTYPDEYDYWGQGTLVTVS SGGGCSGEGSEVQLVESGGGLVQPGGSLRLSCAASGE
TFDDYGMSWVRQAPGRATEWVSAISWNGNNTYYTESMKGRETI SRDNAKNTLYLQ
MNSLRPEDTAVYYCVKGSTAIVGVPPTYPDEYDYWGQGTLVTVSSGGGGSGGGSEY
QLVESGGGLVQPGNSLRLS CAASGFTFSSFGMSWVRQAPGKGLEWVS ST SGSGSDTL
YADSVKGRETISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRSSQGTLVTVSS

< , SEQ ID NO: 528%; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGEF TFDDYGMSWVRQAPGKGLEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTLYLQMNS LRPEDTAVY YCVKGS TAIVGVP
PTYPDEYDYWGQGTLVTVS SGGGCSGEGSEVQLVESGGGLVQPGGSLRLSCAASGE
TFDDYGMSWVRQAPGKGLEWVSAISWNGNNTYYTESMKGRETI SRONAKNTLYLQ
MNSLRPEDTAVYYCVKGSTAIVGVPPTYPDEYDYWGQGTLVTVSSGGGGSGGGSEY
QLVESGGGLVQPGNSLRLS CAASGFTFSSFGMSWVRQAPGKGLEWVS ST SGSGSDTL
YADSVKGRETISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRSSQGTLVTVSS

< , SEQ ID NO: 529%; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGF TFDDYGMSWVRQAPGRGLEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTLYLQMNS LRPEDTAVY YCVKGS TAIVGVP
PTYPDEYDYWGQGTLVTVS SGGGCSGEGSEVQLVESGGGLVQPGGSLRLSCAASGE
TFDDYGMSWVRQAPGRGLEWVSAISWNGNNTYYTESMKGRETI SRDNAKNTLYLQ
MNSLRPEDTAVYYCVKGSTAIVGVPPTYPDEYDYWGQGTLVTVSSGGGGSGGGSEY
QLVESGGGLVQPGNSLRLS CAASGFTFSSFGMSWVRQAPGKGLEWVS ST SGSGSDTL
YADSVKGRETISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRSSQGTLVTVSS



US 10,618,966 B2
175 176

TABLE B-1-continued

Nanobodies and polypeptides against the IL-6 receptor.
“(t)” refers to a translated protein. Leader sequences and
N-terminal sequences are given as SEQ ID NO’'s: 472-477.

< , SEQ ID NO: 530"“; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGF TFDDYGMSWVRQAPGRALEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTLYLQMNS LRPEDTAVY YCVKGS TAIVGVP
PTYPDEYDYWGQGTLVTVS SGGGCSGEGSEVQLVESGGGLVQPGGSLRLSCAASGE
TFDDYGMSWVRQAPGRALEWVSAISWNGNNTYYTESMKGRETI SRDNAKNTLYLQ
MNSLRPEDTAVYYCVKGSTAIVGVPPTYPDEYDYWGQGTLVTVSSGGGGSGGGSEY
QLVESGGGLVQPGNSLRLS CAASGFTFSSFGMSWVRQAPGKGLEWVS ST SGSGSDTL
YADSVKGRETISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRSSQGTLVTVSS

< , SEQ ID NO: 531%“; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGEF TFDDYGMSWVRQAPGKATEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTLYLQMNS LRPEDTAVY YCVKGS TAIVGVP
PTYPDEYDYWGQGTLVTVS SGGGCSGEGSEVQLVESGGGLVQPGGSLRLSCAASGE
TFDDYGMSWVRQAPGKATEWVSAISWNGNNTYYTESMKGRETI SRDNAKNTLYLQ
MNSLRPEDTAVYYCVKGSTAIVGVPPTYPDEYDYWGQGTLVTVSSGGGGSGGGSEY
QLVESGGGLVQPGNSLRLS CAASGFTFSSFGMSWVRQAPGKGLEWVS ST SGSGSDTL
YADSVKGRETISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRSSQGTLVTVSS

< , SEQ ID NO: 532%; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGF TFDDYGMSWVRQAPGKGTEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTLYLQMNS LRPEDTAVY YCVKGS TAIVGVP
PTYPDEYDYWGQGTLVTVS SGGGCSGEGSEVQLVESGGGLVQPGGSLRLSCAASGE
TFDDYGMSWVRQAPGKGTEWVSAISWNGNNTYYTESMKGRETI SRDNAKNTLYLQ
MNSLRPEDTAVYYCVKGSTAIVGVPPTYPDEYDYWGQGTLVTVSSGGGGSGGGSEY
QLVESGGGLVQPGNSLRLS CAASGFTFSSFGMSWVRQAPGKGLEWVS ST SGSGSDTL
YADSVKGRETISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRSSQGTLVTVSS

< , SEQ ID NO: 533“; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGF TFDDYGMSWVRQAPGRGTEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTLYLQMNS LRPEDTAVY YCVKGS TAIVGVP
PTYPDEYDYWGQGTLVTVS SGGGCSGEGSEVQLVESGGGLVQPGGSLRLSCAASGE
TFDDYGMSWVRQAPGRGTEWVSAISWNGNNTYYTESMKGRETI SRDNAKNTLYLQ
MNSLRPEDTAVYYCVKGSTAIVGVPPTYPDEYDYWGQGTLVTVSSGGGGSGGGSEY
QLVESGGGLVQPGNSLRLS CAASGFTFSSFGMSWVRQAPGKGLEWVS ST SGSGSDTL
YADSVKGRETISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRSSQGTLVTVSS

< , SEQ ID NO: 534"; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGEF TFDDYGMSWVRQAPGKALEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTLYLQMNS LRPEDTAVY YCVKGS TAIVGVP
PTYPDEYDYWGQGTLVTVS SGGGCSGEGSEVQLVESGGGLVQPGGSLRLSCAASGE
TFDDYGMSWVRQAPGKALEWVSAISWNGNNTYYTESMKGRETI SRDNAKNTLYLQ
MNSLRPEDTAVYYCVKGSTAIVGVPPTYPDEYDYWGQGTLVTVSSGGGGSGGGSEY
QLVESGGGLVQPGNSLRLS CAASGFTFSSFGMSWVRQAPGKGLEWVS ST SGSGSDTL
YADSVKGRETISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRSSQGTLVTVSS

< , SEQ ID NO: 535%; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGFTFSDYGMSWVRQAPGKGTEWVSATS
WNGNNTYYTESMKGRET I SRDNAKNTL YLOMNSLRPEDTAVYYCVKGSTAIVGVPP
TYPDEYDYWGQGTLVTVSSGGGGESGEESEVQLVESGGGLYQPGGS LRLSCAASGET
FSDYGMSWVRQAPGKGTEWVSAI SWNGNNTYY TESMKGRETISRDNAKNTL YLQM
NSLRPEDTAVYYCVKGS TAIVGVPPTYPDEYDYWGQGTLVTVS SGGGGSGGGSEVQ
LVESGGCGLVQPGNSLRLSCAASGFTFS SFGMSWVRQAPGKGLEWVSS ISGSGSDTLY
ADSVKGRFTI SRDNAKT TLYLQMNS LRPEDTAVYYCTIGGSLSRSSQGTLVTVSS

< , SEQ ID NO: 536"; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGFTFSDYGMSWVRQAPGKGTEWVSATS
WNGNNTYYTESMKGRET I SRDNAKNTLYLOMNSLRPEDTAVYYCAKGSTAIVGVPP
TYPDEYDYWGQGTLVTVSSGGGGESGEESEVQLVESGGGLYQPGGS LRLSCAASGET
FSDYGMSWVRQAPGKGTEWVSAI SWNGNNTYY TESMKGRETISRDNAKNTL YLQM
NSLRPEDTAVYYCAKGS TAIVGVPPTYPDEYDYWGQGTLVTVS SGGGGSGGGSEVQ
LVESGGCGLVQPGNSLRLSCAASGFTFS SFGMSWVRQAPGKGLEWVSS ISGSGSDTLY
ADSVKGRFTI SRDNAKT TLYLQMNS LRPEDTAVYYCTIGGSLSRSSQGTLVTVSS

< , SEQ ID NO: 537"“; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVS SGEGESGEESEVOLVESGGGLVQPGGSLRLSCAASGS IFKVNAMGHYRQAPG
KGRELVAGIISGGSTNYADSVKGRLTI SRDNAKNTVYLQMNSLRPEDTAVY YCSEVT
TNSDYDLGRDYWGQGTLVTVS SGCGGS GGGSEVQLYESGGGLVQPGGSLRLSCAAS
GSIFKVNAMGWYRQAPGKGRELVAGIISGGSTNYADSVKGRLT ISRDNAKNTVYLQ
MNSLRPEDTAVYYCSFVTTNSDYDLGRDYWGQGTLVTVSS

< , SEQ ID NO: 538"; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVS SGEGESGEESEVOLVESGGGLVQPGGSLRLSCAASGS IFKVNAMGHYRQAPG
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TABLE B-1-continued

Nanobodies and polypeptides against the IL-6 receptor.
“(t)” refers to a translated protein. Leader sequences and
N-terminal sequences are given as SEQ ID NO’'s: 472-477.

KGRELVAGIISGGSTNYADSVKGRFTISRDNAKNTVYLOMNSLRPEDTAVYYCSFVT
TNSDYDLGRDYWGQGTLVTVSSGGGGSGGGSEVQLVESGGGLVQPGGSLRLSCAAS
GSIFKVNAMGWYRQAPGKGRELVAGIISGGSTNYADSVKGRFTISRDNAKNTVYLQ
MNSLRPEDTAVYYCSFVTTNSDYDLGRDYWGQGTLVTVSS

< , SEQ ID NO: 539"; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVS SGEGESGEESEVOLVESGGGLVQPGGSLRLSCAASGS IFKVNAMGHYRQAPG
KGRELVAGIISGGSTNYADSVKGRLTI SRDNAKNTLYLQMNSLRPEDTAVY YCSEVT
TNSDYDLGRDYWGQGTLVTVS SGCGGS GGGSEVQLYESGGGLVQPGGSLRLSCAAS
GSIFKVNAMGWYRQAPGKGRELVAGIISGGSTNYADSVKGRLT ISRDNAKNTLYLQ
MNSLRPEDTAVYYCSFVTTNSDYDLGRDYWGQGTLVTVSS

< , SEQ ID NO: 540"“; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVS SGEGESGECESEVQLVESGGGLVQPGGSLRLSCAASGS IFKVNAMGHYRQAPG
KGRELVAGIISGGSTNYADSVKGRLTI SRDNAKNTVYLQMNSLRPEDTAVY YCAFVT
TNSDYDLGRDYWGQGTLVTVS SGCGGS GGGSEVQLYESGGGLVQPGGSLRLSCAAS
GSIFKVNAMGWYRQAPGKGRELVAGIISGGSTNYADSVKGRLT ISRDNAKNTVYLQ
MNSLRPEDTAVYYCAFVTTNSDYDLGRDYWGQGTLVTVSS

< , SEQ ID NO: 541%“; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVS SGEGESGECESEVQLVESGGGLVQPGGSLRLSCAASGS IFKVNAMGHYRQAPG
KGRELVAGIISGGSTNYADSVKGRETI SRDNAKNTLYLQMNSLRPEDTAVY YCAFVT
TNSDYDLGRDYWGQGTLVTVS SGCGGS GGGSEVQLYESGGGLVQPGGSLRLSCAAS
GSIFKVNAMGWYRQAPGKGRELVAGIISGGSTNYADSVKGRET ISRDNAKNTLYLQ
MNSLRPEDTAVYYCAFVTTNSDYDLGRDYWGQGTLVTVSS

< , SEQ ID NO: 542%; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVS SGGEGESGEESEVQLVESGGGLVQPGGSLRLSCAASGFTEDDYD IGWFRQAPG
KGREGVSGISSSDGNTYYADSVKGRET ISSDNAKNTVYLOMNS LRPEDTAVYYCAA
EPPDSSWYLDGS PEFFKYWGQGTLVTVSSGGGGSGEGS EVOLVESGGGLVQPGGSL
RLSCAASGFTFDDYDIGWFRQAPGKGREGVSGISSSDGNTYYADSVKGRET ISSDNA
KNTVYLQMNSLRPEDTAVYYCAAEPPDSSWYLDGSPEFFKYWGQGTLVTVSS

< , SEQ ID NO: 543“; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVSSGGGEGSGEESEVOLVESGGGLVQPGGSLRLSCAASGFTE SDYD IGWFRQAPGK
GREGVSGISSSDGNTYYADSVKGRETISSDNAKNTVYLQMNSLRPEDTAVYYCAAED
PDSSWYLDGSPEFFKYWGQGTLY TV SSGGGGSGGES EVQLVES GGGLVQPGGS LRL
SCAASGFTFSDYDIGWFRQAPGKGREGVSGISSSDGNTYYADSVKGRET IS SDNAKN
TVYLQMNS LRPEDTAVYYCAAEPPDSSWYLDGSPEFFKYWGQGTLVTVSS

< , SEQ ID NO: 544“; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVS SGEGESGEESEVQLVESGGGLVQPGGSLRLSCAASGFTEDDYD IGWFRQAPG
KGREGVSGISSSDGNTYYADSVKGRET I SRDNAKNTVYLOMNS LRPEDTAVYYCAA
EPPDSSWYLDGS PEFFKYWGQGTLVTVSSGGGGSGEGS EVOLVESGGGLVQPGGSL
RLSCAASGFTFDDYDIGWFRQAPGKGREGVSGISSSDGNTYYADSVKGRET ISRDNA
KNTVYLQMNSLRPEDTAVYYCAAEPPDSSWYLDGSPEFFKYWGQGTLVTVSS

< , SEQ ID NO: 545%; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVS SGGEGESGEESEVQLVESGGGLVQPGGSLRLSCAASGFTEDDYD IGWFRQAPG
KGREGVSGISSSDGNTYYADSVKGRFTISSDNAKNTLYLQMNS LRPEDTAVYYCAAE
PPDS SWYLDGSPEFFKYWGQGTLVTVS SGGGGSGEGSEVQLVESGGGLVQPGGSLR
LSCAASGFTFDDYDIGWFRQAPGKGREGVSGISSSDGNTYYADSVKGREFTI SSDNAK
NTLYLQMNSLRPEDTAVYYCAAEPPDS SWYLDGS PEFFKYWGQGTLVTVSS

< , SEQ ID NO: 546"; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVSSGGGEGSGEESEVOLVESGGGLVQPGGSLRLSCAASGFTE SDYD IGWFRQAPGK
GREGVSGISSSDGNTYYADSVKGRETI SRDNAKNTLYLOMNSLRPEDTAVYYCAAED
PDSSWYLDGSPEFFKYWGQGTLY TV SSGGGGSGGES EVQLVES GGGLVQPGGS LRL
SCAASGFTFSDYDIGWFRQAPGKGREGVSGISSSDGNTYYADSVKGRET I SRDNAKN
TLYLQMNS LRPEDTAVYYCAAEPPDSSWYLDGSPEFFKYWGQGTLVTVSS
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TABLE B-1-continued

Nanobodies and polypeptides against the IL-6 receptor.
“(t)” refers to a translated protein. Leader sequences and
N-terminal sequences are given as SEQ ID NO’'s: 472-477.

< , SEQ ID NO: 547"“; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVS SGEGESGEESEVQLVESGGGLVQPGGSLRLSCAASGFTEDD YGMSWVRQAPG
RATEWVSAISWNGNNTY Y TESMKGRET I SRDNAKNTVYLOMNS LRPEDTAVYYCV
KGSTAIVGVPPTYPDEYDYWGQGTLVTVSSGGGGSGGGSEVOLVESGGGLVQPGGS
LRLSCAASGFTFDDYGMSWVRQAPGRATEWVSAT SWNGNNTYY TESMKGRETISRD
NAKNTVYLQMNSLRPED TAVYYCVKGS TAIVGVPPTYPDEYDYWGQGTLVTVSS

< , SEQ ID NO: 548%; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVS SGEGESGEESEVQLVESGGGLVQPGGSLRLSCAASGFTEDD YGMSWVRQAPG
KGLEWVSAISWNGNNTYYTESMKGRFT ISRDNAKNTVYLQMNS LRPEDTAVYYCY
KGSTAIVGVPPTYPDEYDYWGQGTLVTVSSGGGGSGGGSEVOLVESGGGLVQPGGS
LRLSCAASGFTFDDYGMSWVRQAPGKGLEWVSAT SWNGNNTYY TESMKGRETISRD
NAKNTVYLQMNSLRPED TAVYYCVKGS TAIVGVPPTYPDEYDYWGQGTLVTVSS

< , SEQ ID NO: 549“; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVS SGEGESGEESEVQLVESGGGLVQPGGSLRLSCAASGFTEDD YGMSWVRQAPG
RATEWVSAISWNGNNTY Y TESMKGRET I SRDNAKNTLYLOMNS LRPEDTAVYYCV
KGSTAIVGVPPTYPDEYDYWGQGTLVTVSSGGGGSGGGSEVOLVESGGGLVQPGGS
LRLSCAASGFTFDDYGMSWVRQAPGRATEWVSAT SWNGNNTYY TESMKGRETISRD
NAKNTLYLQMNSLRPED TAVYYCVKGS TAIVGVPPTYPDEYDYWGQGTLVTVSS

< , SEQ ID NO: 550"; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVS SGEGESGEESEVQLVESGGGLVQPGGSLRLSCAASGFTEDD YGMSWVRQAPG
KGLEWVSAISWNGNNTYYTESMKGRFTISRDNAKNTLYLQMNS LRPEDTAVYYCY
KGSTAIVGVPPTYPDEYDYWGQGTLVTVSSGGGGSGGGSEVOLVESGGGLVQPGGS
LRLSCAASGFTFDDYGMSWVRQAPGKGLEWVSAT SWNGNNTYY TESMKGRETISRD
NAKNTLYLQMNSLRPED TAVYYCVKGS TAIVGVPPTYPDEYDYWGQGTLVTVSS

< , SEQ ID NO: 551%; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVS SGEGESGEESEVQLVESGGGLVQPGGSLRLSCAASGFTEDD YGMSWVRQAPG
RGLEWVSAISWNGNNTY YTESMKGRET I SRDNAKNTLYLOMNS LRPEDTAVYYCV
KGSTAIVGVPPTYPDEYDYWGQGTLVTVSSGGGGSGGGSEVOLVESGGGLVQPGGS
LRLSCAASGFTFDDYGMSWVRQAPGRGLEWVSAT SWNGNNTYY TESMKGRETISRD
NAKNTLYLQMNSLRPED TAVYYCVKGS TAIVGVPPTYPDEYDYWGQGTLVTVSS

< , SEQ ID NO: 552%; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVS SGEGESGEESEVQLVESGGGLVQPGGSLRLSCAASGFTEDD YGMSWVRQAPG
RALEWVSAISWNGNNTY Y TESMKGRET I SRDNAKNTLYLOMNS LRPEDTAVYYCV
KGSTAIVGVPPTYPDEYDYWGQGTLVTVSSGGGGSGGGSEVOLVESGGGLVQPGGS
LRLSCAASGFTFDDYGMSWVRQAPGRALEWVSAT SWNGNNTYY TESMKGRETISRD
NAKNTLYLQMNSLRPED TAVYYCVKGS TAIVGVPPTYPDEYDYWGQGTLVTVSS

< , SEQ ID NO: 553%; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVS SGEGESGEESEVQLVESGGGLVQPGGSLRLSCAASGFTEDD YGMSWVRQAPG
KATEWVSAISWNGNNTYYTESMKGRFTISRDNAKNTLYLQMNS LRPEDTAVYYCY
KGSTAIVGVPPTYPDEYDYWGQGTLVTVSSGGGGSGGGSEVOLVESGGGLVQPGGS
LRLSCAASGFTFDDYGMSWVRQAPGKATEWVSAT SWNGNNTYY TESMKGRETISRD
NAKNTLYLQMNSLRPED TAVYYCVKGS TAIVGVPPTYPDEYDYWGQGTLVTVSS

< , SEQ ID NO: 554"; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVS SGEGESGEESEVQLVESGGGLVQPGGSLRLSCAASGFTEDD YGMSWVRQAPG
KGTEWVSAISWNGNNTYYTESMKGRFT ISRDNAKNTLYLQMNS LRPEDTAVYYCY
KGSTAIVGVPPTYPDEYDYWGQGTLVTVSSGGGGSGGGSEVOLVESGGGLVQPGGS
LRLSCAASGFTFDDYGMSWVRQAPGKGTEWVSAT SWNGNNTYY TESMKGRETISRD
NAKNTLYLQMNSLRPED TAVYYCVKGS TAIVGVPPTYPDEYDYWGQGTLVTVSS

< , SEQ ID NO: 555%; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVS SGEGESGEESEVQLVESGGGLVQPGGSLRLSCAASGFTEDD YGMSWVRQAPG
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Nanobodies and polypeptides against the IL-6 receptor.
“(t)” refers to a translated protein. Leader sequences and
N-terminal sequences are given as SEQ ID NO’'s: 472-477.

RGTEWVSAISWNGNNTYYTESMKGRFTISRDNAKNTLYLOQMNSLRPEDTAVYYCV
KGSTAIVGVPPTYPDEYDYWGQGTLVTVSSGGGGSGGGSEVQLVESGGGLVQPGGS
LRLSCAASGFTFDDYGMSWVRQAPGRGTEWVSAI SWNGNNTYYTESMKGRFTISRD
NAKNTLYLOQMNSLRPEDTAVYYCVKGSTAIVGVPPTYPDEYDYWGQGTLVTVSS

< , SEQ ID NO: 556"; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVS SGEGESGEESEVQLVESGGGLVQPGGSLRLSCAASGFTEDD YGMSWVRQAPG
KALEWVSAISWNGNNTYYTESMKGRFTISRDNAKNTLYLQMNS LRPEDTAVYYCY
KGSTAIVGVPPTYPDEYDYWGQGTLVTVSSGGGGSGGGSEVOLVESGGGLVQPGGS
LRLSCAASGFTFDDYGMSWVRQAPGKALEWVSAT SWNGNNTYY TESMKGRETISRD
NAKNTLYLQMNSLRPED TAVYYCVKGS TAIVGVPPTYPDEYDYWGQGTLVTVSS

< , SEQ ID NO: 557"“; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVS SGGEGESGEESEVQLVESGGGLVQPGGSLRLSCAASGEFTE SDYGMSWVRQAPG
KGTEWVSAISWNGNNTYYTESMKGRFT ISRDNAKNTLYLQMNS LRPEDTAVYYCY
KGSTAIVGVPPTYPDEYDYWGQGTLVTVSSGGGGSGGGSEVOLVESGGGLVQPGGS
LRLSCAASGFTF SDYGMSWVRQAPGKGTEWVSAT SWNGNNTYY TESMKGRETISRD
NAKNTLYLQMNSLRPED TAVYYCVKGS TAIVGVPPTYPDEYDYWGQGTLVTVSS

< , SEQ ID NO: 558%; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVS SGGEGESGEESEVQLVESGGGLVQPGGSLRLSCAASGEFTE SDYGMSWVRQAPG
KGTEWVSATISWNGNNTYYTESMKGRFT ISRDNAKNTLYLQMNS LRPEDTAVYYCA
KGSTAIVGVPPTYPDEYDYWGQGTLVTVSSGGGGSGGGSEVOLVESGGGLVQPGGS
LRLSCAASGFTF SDYGMSWVRQAPGKGTEWVSAT SWNGNNTYY TESMKGRETISRD
NAKNTLYLQMNSLRPED TAVYYCAKGS TAIVGVPPTYPDEYDYWGQGTLVTVSS

Humanized bispecific polypeptides against the IL6 receptor and

human serum albumin

< , SEQ ID NO: 559"; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGS IFKVNAMGNYRQAPGKGRELVAGT I
SGGSTNYADSVKGRLTI SRDNAKNTVYLOMNS LRPEDTAVYYCSFVTTNSDYDLGR
DYWGQGTLVTVS SGGGGSCGGSEVQLVESGGGLYQPGNSLRLS CAASGFTFSSFGM
SWVRQAPGKGLEWVSSI SGSGSDTLYADSVKGRFTI SRDNAKTTLYLQMNS LRPEDT
AVYYCTIGGSLSRSSQGTLVTVSS

< , SEQ ID NO: 560"“; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGS IFKVNAMGWYRQAPGKGRELVAGT I
SGGSTNYADSVKGRETI SRDNAKNTVYLOMNS LRPEDTAVYYCSFVTTNSDYDLGR
DYWGQGTLVTVS SGGGGSCGGSEVQLVESGGGLYQPGNSLRLS CAASGFTFSSFGM
SWVRQAPGKGLEWVSSI SGSGSDTLYADSVKGRFTI SRDNAKTTLYLQMNS LRPEDT
AVYYCTIGGSLSRSSQGTLVTVSS

< , SEQ ID NO: 561%“; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGS IFKVNAMGNYRQAPGKGRELVAGT I
SGGSTNYADSVKGRLTI SRDNAKNTLYLOMNS LRPEDTAVYYCSFVTTNSDYDLGR
DYWGQGTLVTVS SGGGGSCGGSEVQLVESGGGLYQPGNSLRLS CAASGFTFSSFGM
SWVRQAPGKGLEWVSSI SGSGSDTLYADSVKGRFTI SRDNAKTTLYLQMNS LRPEDT
AVYYCTIGGSLSRSSQGTLVTVSS

< , SEQ ID NO: 562%; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGS IFKVNAMGNYRQAPGKGRELVAGT I
SGGSTNYADSVKGRLTI SRDNAKNTVYLOMNS LRPEDTAVYYCAFVTTNSDYDLGR
DYWGQGTLVTVS SGGGGSCGGSEVQLVESGGGLYQPGNSLRLS CAASGFTFSSFGM
SWVRQAPGKGLEWVSSI SGSGSDTLYADSVKGRFTI SRDNAKTTLYLQMNS LRPEDT
AVYYCTIGGSLSRSSQGTLVTVSS

< 1IL6R66, SEQ ID NO: 563“; PRT; ->"
EVQLVESGGGLVQPGGSLRLS CAASGS IFKVNAMGWYRQAPGKGRELVAGT I
SGGSTNYADSVKGRETI SRDNAKNTLYLOMNS LRPEDTAVYYCAFVTTNSDYDLGR
DYWGQGTLVTVS SGGGGSCGGSEVQLVESGGGLYQPGNSLRLS CAASGF TFSSFGM
SWVRQAPGKGLEWVSSI SGSGSDTLYADSVKGRFTI SRDNAKTTLYLQMNS LRPEDT
AVYYCTIGGSLSRSSQGTLVTVSS

< , SEQ ID NO: 564"; PRT; -»"

EVQLVESGGGLVQPGGSLRLS CAASGFTFDDYDIGWFRQAPGKGREGVSGISS
SDGNTYYADSVKGRFTI SSDNAKNTVYLOMNS LRPEDTAVYYCAAEPPDSSWYLDG
SPEFFKYWGQGTLVTVS SGGGGSGGGS EVQLVESGGGLVQPGNSLRLSCAASGETES
SFGMSWVRQAPGKGLEWVSSI SGSGSDTLYADSVKGRFTI SRDNAKTTLYLQMNSL
RPEDTAVYYCTIGGSLSRSSQGTLVTVSS

182
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TABLE B-1-continued

Nanobodies and polypeptides against the IL-6 receptor.
“(t)” refers to a translated protein. Leader sequences and
N-terminal sequences are given as SEQ ID NO’'s: 472-477.

< , SEQ ID NO: 565"“; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGFTFSDYDIGWFRQAPGKGREGVSGISS
SDGNTYYADSVKGRFTI SSDNAKNTVYLOMNS LRPEDTAVYYCAAEPPDSSWYLDG
SPEFFKYWGQGTLVTVS SGGGGSGGGS EVQLVESGGGLVQPGNSLRLSCAASGETES
SFGMSWVRQAPGKGLEWVSSI SGSGSDTLYADSVKGRFTI SRDNAKTTLYLQMNSL
RPEDTAVYYCTIGGSLSRSSQGTLVTVSS

< , SEQ ID NO: 566"; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGFTFDDYDIGWFRQAPGKGREGVSGISS
SDGNTYYADSVKGRETI SRDNAKNTVYLOMNS LRPEDTAVYYCAAEPPDSSWYLDG
SPEFFKYWGQGTLVTVS SGGGGSGGGS EVQLVESGGGLVQPGNSLRLSCAASGETES
SFGMSWVRQAPGKGLEWVSSISGSGSDTLYADSVKGRFTI SRDNAKTTLYLQMNSL
RPEDTAVYYCTIGGSLSRSSQGTLVTVSS

< , SEQ ID NO: 567"“; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGFTFDDYDIGWFRQAPGKGREGVSGISS
SDGNTYYADSVKGRETI SSDNAKNTLYLOMNS LRPEDTAVYYCAAEPPDSSWYLDG
SPEFFKYWGQGTLVTVS SGGGGSGGGS EVQLVESGGGLVQPGNSLRLSCAASGETES
SFGMSWVRQAPGKGLEWVSSISGSGSDTLYADSVKGRFTI SRDNAKTTLYLQMNSL
RPEDTAVYYCTIGGSLSRSSQGTLVTVSS

< 1IL6R202, SEQ ID NO: 568“; PRT; ->"
EVQLVESGGGLVQPGGSLRLS CAASGFTFSDYDIGWFRQAPGKGREGVSGISS
SDGNTYYADSVKGRETI SRDNAKNTLYLOMNS LRPEDTAVYYCAAEPPDSSWYLDG
SPEFFKYWGQGTLVTVS SGGGGSGGGS EVQLVESGGCLVQPGNSLRLSCAASGETES
SFGMSWVRQAPGKGLEWVSSISGSGSDTLYADSVKGRFTI SRDNAKTTLYLQMNSL
RPEDTAVYYCTIGGSLSRSSQGTLVTVSS

< , SEQ ID NO: 569"; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGF TFDDYGMSWVRQAPGRATEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTVYLQMNS LRPEDTAVY YCVKGS TAIVGYVP
PTYPDEYDYWGQGTLVTVS SGGGCSGEGSEVQLVESGGGLVQPGNSLRLSCAASGE
TFSSFGMSWVRQAPGKGLEWVSS ISGSGSDTLYADSVKGRETI SRDNAKTTLYLOMN
SLRPEDTAVYYCTIGGSLSRSSQGTLVTVSS

< , SEQ ID NO: 570"“; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGEF TFDDYGMSWVRQAPGKGLEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTVYLQMNS LRPEDTAVY YCVKGS TAIVGYVP
PTYPDEYDYWGQGTLVTVS SGGGCSGEGSEVQLVESGGGLVQPGNSLRLSCAASGE
TFSSFGMSWVRQAPGKGLEWVSS ISGSGSDTLYADSVKGRETI SRDNAKTTLYLOMN
SLRPEDTAVYYCTIGGSLSRSSQGTLVTVSS

< , SEQ ID NO: 571%“; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGF TFDDYGMSWVRQAPGRATEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTLYLQMNS LRPEDTAVY YCVKGS TAIVGVP
PTYPDEYDYWGQGTLVTVS SGGGCSGEGSEVQLVESGGGLVQPGNSLRLSCAASGE
TFSSFGMSWVRQAPGKGLEWVSS ISGSGSDTLYADSVKGRETI SRDNAKTTLYLOMN
SLRPEDTAVYYCTIGGSLSRSSQGTLVTVSS

< , SEQ ID NO: 572%; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGEF TFDDYGMSWVRQAPGKGLEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTLYLQMNS LRPEDTAVY YCVKGS TAIVGVP
PTYPDEYDYWGQGTLVTVS SGGGCSGEGSEVQLVESGGGLVQPGNSLRLSCAASGE
TFSSFGMSWVRQAPGKGLEWVSS ISGSGSDTLYADSVKGRETI SRDNAKTTLYLOMN
SLRPEDTAVYYCTIGGSLSRSSQGTLVTVSS

< , SEQ ID NO: 573“; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGF TFDDYGMSWVRQAPGRGLEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTLYLQMNS LRPEDTAVY YCVKGS TAIVGVP
PTYPDEYDYWGQGTLVTVS SGGGCSGEGSEVQLVESGGGLVQPGNSLRLSCAASGE
TFSSFGMSWVRQAPGKGLEWVSS ISGSGSDTLYADSVKGRETI SRDNAKTTLYLOMN
SLRPEDTAVYYCTIGGSLSRSSQGTLVTVSS

< , SEQ ID NO: 574"; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGEF TFDDYGMSWVRQAPGRALEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTLYLQMNS LRPEDTAVY YCVKGS TAIVGVP
PTYPDEYDYWGQGTLVTVS SGGGCSGEGSEVQLVESGGGLVQPGNSLRLSCAASGE
TFSSFGMSWVRQAPGKGLEWVSS ISGSGSDTLYADSVKGRETI SRDNAKTTLYLOMN
SLRPEDTAVYYCTIGGSLSRSSQGTLVTVSS

< , SEQ ID NO: 575"; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGEF TFDDYGMSWVRQAPGKATEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTLYLQMNS LRPEDTAVY YCVKGS TAIVGVP
PTYPDEYDYWGQGTLVTVS SGGGCSGEGSEVQLVESGGGLVQPGNSLRLSCAASGE
TFSSFGMSWVRQAPGKGLEWVSS ISGSGSDTLYADSVKGRETI SRDNAKTTLYLOMN
SLRPEDTAVYYCTIGGSLSRSSQGTLVTVSS
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TABLE B-1-continued

Nanobodies and polypeptides against the IL-6 receptor.
“(t)” refers to a translated protein. Leader sequences and
N-terminal sequences are given as SEQ ID NO’'s: 472-477.

< 1IL6R91, SEQ ID NO: 576“; PRT; ->"
EVQLVESGGGLVQPGGSLRLS CAASGEF TFDDYGMSWVRQAPGKGTEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTLYLQMNS LRPEDTAVY YCVKGS TAIVGVP
PTYPDEYDYWGQGTLVTVS SGGGCSGEGSEVQLVESGGGLVQPGNSLRLSCAASGE
TFSSFGMSWVRQAPGKGLEWVSS ISGSGSDTLYADSVKGRETI SRDNAKTTLYLOMN
SLRPEDTAVYYCTIGGSLSRSSQGTLVTVSS

< , SEQ ID NO: 577"“; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGF TFDDYGMSWVRQAPGRGTEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTLYLQMNS LRPEDTAVY YCVKGS TAIVGVP
PTYPDEYDYWGQGTLVTVS SGGGCSGEGSEVQLVESGGGLVQPGNSLRLSCAASGE
TFSSFGMSWVRQAPGKGLEWVSS ISGSGSDTLYADSVKGRETI SRDNAKTTLYLOMN
SLRPEDTAVYYCTIGGSLSRSSQGTLVTVSS

< , SEQ ID NO: 578"; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGEF TFDDYGMSWVRQAPGKALEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTLYLQMNS LRPEDTAVY YCVKGS TAIVGVP
PTYPDEYDYWGQGTLVTVS SGGGCSGEGSEVQLVESGGGLVQPGNSLRLSCAASGE
TFSSFGMSWVRQAPGKGLEWVSS ISGSGSDTLYADSVKGRETI SRDNAKTTLYLOMN
SLRPEDTAVYYCTIGGSLSRSSQGTLVTVSS

< , SEQ ID NO: 579"“; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGFTFSDYGMSWVRQAPGKGTEWVSATS
WNGNNTYYTESMKGRET I SRDNAKNTLYLOMNSLRPEDTAVYYCVKGSTAIVGVPP
TYPDEYDYWGQGTLVTVSSGGGGESGEESEVQLVESGGGLYQPGNS LRLSCAASGET
FSSFGMSWVRQAPGKGLEWVS ST SGSGSDTLYADSVKGRETISRDNAKT TLYLOMNS
LRPEDTAVYYCTIGGSLSRSSQGTLVTVSS

< , SEQ ID NO: 580"; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGFTFSDYGMSWVRQAPGKGTEWVSATS
WNGNNTYYTESMKGRET I SRDNAKNTLYLOMNSLRPEDTAVYYCAKGSTAIVGVPP
TYPDEYDYWGQGTLVTVSSGGGGESGEESEVQLVESGGGLYQPGNS LRLSCAASGET
FSSFGMSWVRQAPGKGLEWVS ST SGSGSDTLYADSVKGRETISRDNAKT TLYLOMNS
LRPEDTAVYYCTIGGSLSRSSQGTLVTVSS

< , SEQ ID NO: 581%; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVS SGEGESGECESEVQLVESGGGLVQPGGSLRLSCAASGS IFKVNAMGHYRQAPG
KGRELVAGIISGGSTNYADSVKGRLTISRDNAKNTVYLQMNSLRPEDTAVY YCSEVT
TNSDYDLGRDYWGQGTLVTVSS

< , SEQ ID NO: 582%; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVS SGEGESGECESEVQLVESGGGLVQPGGSLRLSCAASGS IFKVNAMGHYRQAPG
KGRELVAGIISGGSTNYADSVKGRETI SRDNAKNTVYLQMNSLRPEDTAVY YCSEVT
TNSDYDLGRDYWGQGTLVTVSS

< , SEQ ID NO: 583“; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVS SGEGESGECESEVQLVESGGGLVQPGGSLRLSCAASGS IFKVNAMGHYRQAPG
KGRELVAGIISGGSTNYADSVKGRLTI SRDNAKNTLYLQMNSLRPEDTAVY YCSEVT
TNSDYDLGRDYWGQGTLVTVSS

< , SEQ ID NO: 584"; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVS SGEGESGECESEVQLVESGGGLVQPGGSLRLSCAASGS IFKVNAMGHYRQAPG
KGRELVAGIISGGSTNYADSVKGRLTI SRDNAKNTVYLQMNSLRPEDTAVY YCAFVT
TNSDYDLGRDYWGQGTLVTVSS

< , SEQ ID NO: 585"; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVS SGEGESGEESEVOLVESGGGLVQPGGSLRLSCAASGS IFKVNAMGHYRQAPG
KGRELVAGIISGGSTNYADSVKGRETI SRDNAKNTLYLQMNSLRPEDTAVY YCAFVT
TNSDYDLGRDYWGQGTLVTVSS

< , SEQ ID NO: 586"; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVS SGEGESGEESEVQLVESGGGLVQPGGSLRLSCAASGFTEDDYD IGWFRQAPG
KGREGVSGISSSDGNTYYADSVKGRET ISSDNAKNTVYLQMNS LRPEDTAVYYCAA
EPPDSSWYLDGS PEFFKYWGQGTLVTVSS



US 10,618,966 B2
187 188

TABLE B-1-continued

Nanobodies and polypeptides against the IL-6 receptor.
“(t)” refers to a translated protein. Leader sequences and
N-terminal sequences are given as SEQ ID NO’'s: 472-477.

< , SEQ ID NO: 587"; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVSSGGGEGSGEESEVOLVESGGGLVQPGGSLRLSCAASGFTE SDYD IGWFRQAPGK
GREGVSGISSSDGNTYYADSVKGRETISSDNAKNTVYLQMNSLRPEDTAVYYCAAED
PDSSWYLDGSPEFFKYWGQGTLVTVSS

< , SEQ ID NO: 588"; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVS SGEGESGEESEVQLVESGGGLVQPGGSLRLSCAASGFTEDDYD IGWFRQAPG
KGREGVSGISSSDGNTYYADSVKGRET I SRDNAKNTVYLOMNS LRPEDTAVYYCAA
EPPDSSWYLDGS PEFFKYWGQGTLVTVSS

< , SEQ ID NO: 589"; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVS SGEGESGEESEVQLVESGGGLVQPGGSLRLSCAASGFTEDDYD IGWFRQAPG
KGREGVSGISSSDGNTYYADSVKGRFTISSDNAKNTLYLQMNS LRPEDTAVYYCAAE
PPDS SWYLDGSPEFFKYWGQGTLVTVSS

< , SEQ ID NO: 590"“; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVSSGGGEESGEESEVQLVESGGGLVQPGGSLRLSCAASGFTE SDYD IGWFRQAPGK
GREGVSGISSSDGNTYYADSVKGRETI SRDNAKNTLYLOMNSLRPEDTAVYYCAAED
PDSSWYLDGSPEFFKYWGQGTLVTVSS

< , SEQ ID NO: 591%; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVS SGEGESGEESEVQLVESGGGLVQPGGSLRLSCAASGFTEDD YGMSWVRQAPG
RATEWVSAISWNGNNTY Y TESMKGRET I SRDNAKNTVYLOMNS LRPEDTAVYYCV
KGSTAIVGVPPTYPDEYDYWGQGTLVTVSS

< , SEQ ID NO: 592%; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVS SGEGESGEESEVQLVESGGGLVQPGGSLRLSCAASGFTEDD YGMSWVRQAPG
KGLEWVSAISWNGNNTYYTESMKGRFTISRDNAKNTVYLQMNS LRPEDTAVYYCY
KGSTAIVGVPPTYPDEYDYWGQGTLVTVSS

< , SEQ ID NO: 593“; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVS SGEGESGEESEVQLVESGGGLVQPGGSLRLSCAASGFTEDD YGMSWVRQAPG
RATEWVSAISWNGNNTY Y TESMKGRET I SRDNAKNTLYLOMNS LRPEDTAVYYCV
KGSTAIVGVPPTYPDEYDYWGQGTLVTVSS

< , SEQ ID NO: 594%; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVS SGEGESGEESEVQLVESGGGLVQPGGSLRLSCAASGFTEDD YGMSWVRQAPG
KGLEWVSAISWNGNNTYYTESMKGRFTISRDNAKNTLYLQMNS LRPEDTAVYYCY
KGSTAIVGVPPTYPDEYDYWGQGTLVTVSS

< , SEQ ID NO: 595%; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVS SGEGESGEESEVQLVESGGGLVQPGGSLRLSCAASGFTEDD YGMSWVRQAPG
RGLEWVSAISWNGNNTY YTESMKGRET I SRDNAKNTLYLOMNS LRPEDTAVYYCV
KGSTAIVGVPPTYPDEYDYWGQGTLVTVSS

< , SEQ ID NO: 596"; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVS SGEGESGEESEVQLVESGGGLVQPGGSLRLSCAASGFTEDD YGMSWVRQAPG
RALEWVSAISWNGNNTY Y TESMKGRET I SRDNAKNTLYLOMNS LRPEDTAVYYCV
KGSTAIVGVPPTYPDEYDYWGQGTLVTVSS

< , SEQ ID NO: 597"“; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVS SGEGESGEESEVQLVESGGGLVQPGGSLRLSCAASGFTEDD YGMSWVRQAPG
KATEWVSAISWNGNNTYYTESMKGRFTISRDNAKNTLYLQMNS LRPEDTAVYYCY
KGSTAIVGVPPTYPDEYDYWGQGTLVTVSS
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TABLE B-1-continued

Nanobodies and polypeptides against the IL-6 receptor.
“(t)” refers to a translated protein. Leader sequences and
N-terminal sequences are given as SEQ ID NO’'s: 472-477.

< , SEQ ID NO: 598"; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVS SGEGESGEESEVQLVESGGGLVQPGGSLRLSCAASGFTEDD YGMSWVRQAPG
KGTEWVSAISWNGNNTYYTESMKGRFT ISRDNAKNTLYLQMNS LRPEDTAVYYCY
KGSTAIVGVPPTYPDEYDYWGQGTLVTVSS

< , SEQ ID NO: 599“; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVS SGEGESGEESEVQLVESGGGLVQPGGSLRLSCAASGFTEDD YGMSWVRQAPG
RGTEWVSAISWNGNNTY Y TESMKGRET I SRDNAKNTLYLOMNS LRPEDTAVYYCV
KGSTAIVGVPPTYPDEYDYWGQGTLVTVSS

< , SEQ ID NO: 600"“; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVS SGEGESGEESEVQLVESGGGLVQPGGSLRLSCAASGFTEDD YGMSWVRQAPG
KALEWVSAISWNGNNTYYTESMKGRFTISRDNAKNTLYLQMNS LRPEDTAVYYCY
KGSTAIVGVPPTYPDEYDYWGQGTLVTVSS

< , SEQ ID NO: 601%“; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVS SGGEGESGEESEVQLVESGGGLVQPGGSLRLSCAASGEFTE SDYGMSWVRQAPG
KGTEWVSAISWNGNNTYYTESMKGRFT ISRDNAKNTLYLQMNS LRPEDTAVYYCY
KGSTAIVGVPPTYPDEYDYWGQGTLVTVSS

< , SEQ ID NO: 602%; PRT; -»"
EVQLVESGGGLVQPGNSLRLS CAASGF TFS SFGMSWVRQAPGKGLEWVSSIS
GSGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS SQGTL
VTVS SGGEGESGEESEVQLVESGGGLVQPGGSLRLSCAASGEFTE SDYGMSWVRQAPG
KGTEWVSAISWNGNNTYYTESMKGRFT ISRDNAKNTLYLQMNS LRPEDTAVYYCA
KGSTAIVGVPPTYPDEYDYWGQGTLVTVSS

Anti-IL-6 receptor Nanobody-human serum albumin fusion proteins

< HSA-(GGS)4GG-IL6R04, SEQ ID NO: 603™; PRT; ->”
DAHKSEVAHRFKDLGEENFKALVLIAFAQYLQQCPFEDHVKLVNEVTEFAKT
CVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCCAKQEPERNECFLQHKDD
NPNLPRLVRPEVDVMCTAFHDNEETFLKKYLYEIARRHPYFYAPELLFFAKRYKAAF
TECCQAADKAACLLPKLDELRDEGKASSAKQRLKCASLQKFGERAFKAWAVARLS
QRFPKAEFAEVSKLVTDLTKVHTECCHGDLLECADDRADLAKYICENQDSISSKLKE
CCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNYAEAKDVFLGMFLYE
YARRHPDYSVVLLLRLAKTYETTLEKCCAAADPHECYAKVFDEFKPLVEEPQNLIKQ
NCELFEQLGEYKFQNALLVRYTKKVPQVSTPTLVEVSRNLGKVGSKCCKHPEAKRM
PCAEDYLSVVLNQLCVLHEKTPVSDRVTKCCTESLVNRRPCFSALEVDETYVPKEFN
AETFTFHADICTLSEKERQIKKQTALVELVKHKPKATKEQLKAVMDDFAAFVEKCC
KADDKETCFAEEGKKLVAASQAALGLGGSGGSGGSGGSGGEVQLVESGGGLVQAG
GSLRLSCAASGFTFDDYDIGWFRQAPGKEREGVSGISSSDGNTYYADSVKGRFTISSD
NAKNTVYLOMNSLKPEDTAVYYCAAEPPDSSWYLDGSPEFFKYWGQGTQVTVSS

< IL6R0O4-HSA, SEQ ID NO: 604"; PRT; ->"
EVQLVESGGGLVQAGGSLRLSCAASGFTFDDYDIGWFRQAPGKEREGVSGISS
SDGNTYYADSVKGRFTISSDNAKNTVYLOMNSLKPEDTAVYYCAAEPPDSSWYLDG
SPEFFKYWGQGTQVTVSSDAHKSEVAHRFKDLGEENFKALVLIAFAQYLQQCPFED
HVKLVNEVTEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCCAK
QEPERNECFLQHKDDNPNLPRLVRPEVDVMCTAFHDNEETFLKKYLYEIARRHPYFY
APELLFFAKRYKAAFTECCQAADKAACLLPKLDELRDEGKASSAKQRLKCASLQKFE
GERAFKAWAVARLSQRFPKAEFAEVSKLVTDLTKVHTECCHGDLLECADDRADLA
KYICENQDSISSKLKECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNY
AEAKDVFLGMFLYEYARRHPDYSVVLLLRLAKTYETTLEKCCAAADPHECYAKVFD
EFKPLVEEPQNLIKQNCELFEQLGEYKFONALLVRYTKKVPQVSTPTLVEVSRNLGK
VGSKCCKHPEAKRMPCAEDYLSVVLNQLCVLHEKTPVSDRVTKCCTESLVNRRPCF
SALEVDETYVPKEFNAETFTFHADICTLSEKERQIKKQTALVELVKHKPKATKEQLK
AVMDDFAAFVEKCCKADDKETCFAEEGKKLVAASQAALGL

< IL6R201-HSA, SEQ ID NO: 605"; PRT; ->"
EVQLVESGGGLVQPGGSLRLSCAASGFTFSDYDIGWFRQAPGKGREGVSGISS
SDGNTYYADSVKGRFTISRDNAKNTLYLOMNSLRPEDTAVYYCAAEPPDSSWYLDG
SPEFFKYWGQGTLVTVSSDAHKSEVAHRFKDLGEENFKALVLIAFAQYLQQCPFEDH
VKLVNEVTEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCCAKQE
PERNECFLQHKDDNPNLPRLVRPEVDVMCTAFHDNEETFLKKYLYEIARRHPYFYAP
ELLFFAKRYKAAFTECCQAADKAACLLPKLDELRDEGKAS SAKQRLKCASLQKFGE
RAFKAWAVARLSQRFPKAEFAEVSKLVTDLTKVHTECCHGDLLECADDRADLAKYI
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TABLE B-1-continued

Nanobodies and polypeptides against the IL-6 receptor.
“(t)” refers to a translated protein. Leader sequences and
N-terminal sequences are given as SEQ ID NO’'s: 472-477.

CENQDSISSKLKECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNYAE
AKDVFLGMFLYEYARRHPDYSVVLLLRLAKTYETTLEKCCAAADPHECYAKVFDEF
KPLVEEPQNLIKQONCELFEQLGEYKFQNALLVRY TKKVPQVSTPTLVEVSRNLGKVG
SKCCKHPEAKRMPCAEDYLSVVLNQLCVLHEKTPVSDRVTKCCTESLVNRRPCFSAL
EVDETYVPKEFNAETFTFHADICTLSEKERQIKKQTALVELVKHKPKATKEQLKAVM
DDFAAFVEKCCKADDKETCFAEEGKKLVAASQAALGL

< IL6R201-9GS-IL6R201-HSA, SEQ ID NO: 606"; PRT; ->"
EVQLVESGGGLVQPGGSLRLSCAASGFTFSDYDIGWFRQAPGKGREGVSGISS
SDGNTYYADSVKGRFTISRDNAKNTLYLOMNSLRPEDTAVYYCAAEPPDSSWYLDG
SPEFFKYWGQGTLVTVSSGGGGSGGGSEVQLVESGGGLVQPGGSLRLSCAASGEFTES
DYDIGWFRQAPGKGREGVSGISSSDGNTYYADSVKGRFTISRDNAKNTLYLQMNSL
RPEDTAVYYCAAEPPDSSWYLDGSPEFFKYWGQGTLVTVSSDAHKSEVAHRFKDLG
EENFKALVLIAFAQYLQQCPFEDHVKLVNEVTEFAKTCVADESAENCDKSLHTLFGD
KLCTVATLRETYGEMADCCAKQEPERNECFLQHKDDNPNLPRLVRPEVDVMCTAFH
DNEETFLKKYLYEIARRHPYFYAPELLFFAKRYKAAFTECCQAADKAACLLPKLDEL
RDEGKASSAKQRLKCASLQKFGERAFKAWAVARLSQRFPKAEFAEVSKLVTDLTKV
HTECCHGDLLECADDRADLAKYICENQDSISSKLKECCEKPLLEKSHCIAEVENDEM
PADLPSLAADFVESKDVCKNYAEAKDVFLGMFLYEYARRHPDYSVVLLLRLAKTYE
TTLEKCCAAADPHECYAKVFDEFKPLVEEPQNLIKQONCELFEQLGEYKFQNALLVRY
TKKVPQVSTPTLVEVSRNLGKVGSKCCKHPEAKRMPCAEDYLSVVLNQLCVLHEKT
PVSDRVTKCCTESLVNRRPCFSALEVDETYVPKEFNAETFTFHADICTLSEKERQIKK
QTALVELVKHKPKATKEQLKAVMDDFAAFVEKCCKADDKETCFAEEGKKLVAASQ
AALGL

< IL6R201-20GS-IL6R201-HSA, SEQ ID NO: 607%; PRT; ->"
EVQLVESGGGLVQPGGSLRLSCAASGFTFSDYDIGWFRQAPGKGREGVSGISS
SDGNTYYADSVKGRFTISRDNAKNTLYLOMNSLRPEDTAVYYCAAEPPDSSWYLDG
SPEFFKYWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSEVQLVESGGGLVQPGGSL
RLSCAASGFTFSDYDIGWFRQAPGKGREGVSGISSSDGNTYYADSVKGRFTISRDNA
KNTLYLQMNSLRPEDTAVYYCAAEPPDSSWYLDGSPEFFKYWGQGTLVTVSSDAHK
SEVAHRFKDLGEENFKALVLIAFAQYLQQCPFEDHVKLVNEVTEFAKTCVADESAEN
CDKSLHTLFGDKLCTVATLRETYGEMADCCAKQEPERNECFLQHKDDNPNLPRLVR
PEVDVMCTAFHDNEETFLKKYLYEIARRHPYFYAPELLFFAKRYKAAFTECCQAAD
KAACLLPKLDELRDEGKASSAKQRLKCASLQKFGERAFKAWAVARLSQRFPKAEFA
EVSKLVTDLTKVHTECCHGDLLECADDRADLAKYICENQDSISSKLKECCEKPLLEK
SHCIAEVENDEMPADLPSLAADFVESKDVCKNYAEAKDVFLGMFLYEYARRHPDYS
VVLLLRLAKTYETTLEKCCAAADPHECYAKVFDEFKPLVEEPQNLIKQONCELFEQLG
EYKFQNALLVRYTKKVPQVSTPTLVEVSRNLGKVGSKCCKHPEAKRMPCAEDYLSV
VLNQLCVLHEKTPVSDRVTKCCTESLVNRRPCFSALEVDETYVPKEFNAETFTFHADI
CTLSEKERQIKKQTALVELVKHKPKATKEQLKAVMDDFAAFVEKCCKADDKETCFA
EEGKKLV

< IL6R201-AAA-TIL6R201-HSA, SEQ ID NO: 608"; PRT; ->"
EVQLVESGGGLVQPGGSLRLSCAASGFTFSDYDIGWFRQAPGKGREGVSGISS
SDGNTYYADSVKGRFTISRDNAKNTLYLOMNSLRPEDTAVYYCAAEPPDSSWYLDG
SPEFFKYWGQGTLVTVSSAAAEVQLVESGGGLVQPGGSLRLSCAASGFTFSDYDIGW
FROAPGKGREGVSGISSSDGNTYYADSVKGRFTI SRDNAKNTLYLOQMNSLRPEDTAV
YYCAAEPPDSSWYLDGSPEFFKYWGQGTLVTVSSDAHKSEVAHRFKDLGEENFKAL
VLIAFAQYLQQCPFEDHVKLVNEVTEFAKTCVADESAENCDKSLHTLFGDKLCTVAT
LRETYGEMADCCAKQEPERNECFLQHKDDNPNLPRLVRPEVDVMCTAFHDNEETFL
KKYLYEIARRHPYFYAPELLFFAKRYKAAFTECCQAADKAACLLPKLDELRDEGKAS
SAKQRLKCASLQKFGERAFKAWAVARLSQRFPKAEFAEVSKLVTDLTKVHTECCHG
DLLECADDRADLAKYICENQDSISSKLKECCEKPLLEKSHCIAEVENDEMPADLPSLA
ADFVESKDVCKNYAEAKDVFLGMFLYEYARRHPDYSVVLLLRLAKTYETTLEKCCA
AADPHECYAKVFDEFKPLVEEPQNLIKONCELFEQLGEYKFQONALLVRYTKKVPQVS
TPTLVEVSRNLGKVGSKCCKHPEAKRMPCAEDYLSVVLNQLCVLHEKTPVSDRVTK
CCTESLVNRRPCFSALEVDETYVPKEFNAETFTFHADICTLSEKERQIKKQTALVELV
KHKPKATKEQLKAVMDDFAAFVEKCCKADDKETCFAEEGKKLVAASQAALGL

< 1IL6R61, SEQ ID NO: 609“; PRT; ->"
EVQLVESGGGLVQPGGSLRLS CAASGS IFKVNAMGWYRQAPGKGRELVAGT I
SGGSTNYADSVKGRLTI SRDNAKNTVYLOMNS LRPEDTAVYYCSFVTTNSDYDLGR
DYWGQGTLVTVSS

< 1IL6R62, SEQ ID NO: 610“; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGS IFKVNAMGWYRQAPGKGRELVAGT I
SGGSTNYADSVKGRETI SRDNAKNTVYLOMNS LRPEDTAVYYCSFVTTNSDYDLGR
DYWGQGTLVTVSS

< 1IL6R63, SEQ ID NO: 611%; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGS IFKVNAMGWYRQAPGKGRELVAGT I
SGGSTNYADSVKGRLTI SRDNAKNTLYLOMNS LRPEDTAVYYCSFVTTNSDYDLGR
DYWGQGTLVTVSS
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TABLE B-1-continued

Nanobodies and polypeptides against the IL-6 receptor.
“(t)” refers to a translated protein. Leader sequences and
N-terminal sequences are given as SEQ ID NO’'s: 472-477.

< 1IL6R64, SEQ ID NO: 612%; PRT; ->"
EVQLVESGGGLVQPGGSLRLS CAASGS IFKVNAMGWYRQAPGKGRELVAGT I
SGGSTNYADSVKGRLTI SRDNAKNTVYLOMNS LRPEDTAVYYCAFVTTNSDYDLGR
DYWGQGTLVTVSS

< 1IL6R65, SEQ ID NO: 613“; PRT; ->"
EVQLVESGGGLVQPGGSLRLS CAASGS IFKVNAMGWYRQAPGKGRELVAGT I
SGGSTNYADSVKGRETI SRDNAKNTLYLOMNS LRPEDTAVYYCAFVTTNSDYDLGR
DYWGQGTLVTVSS

< 1IL6R71, SEQ ID NO: 614“; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGFTFDDYDIGWFRQAPGKGREGVSGISS
SDGNTYYADSVKGRFTI SSDNAKNTVYLOMNS LRPEDTAVYYCAAEPPDSSWYLDG
SPEFFKYWGQGTLVTVSS

< 1IL6R72, SEQ ID NO: 615“; PRT; ->"
EVQLVESGGGLVQPGGSLRLS CAASGFTFSDYDIGWFRQAPGKGREGVSGISS
SDGNTYYADSVKGRFTI SSDNAKNTVYLOMNS LRPEDTAVYYCAAEPPDSSWYLDG
SPEFFKYWGQGTLVTVSS

< 1IL6R73, SEQ ID NO: 616“; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGFTFDDYDIGWFRQAPGKGREGVSGISS
SDGNTYYADSVKGRETI SRDNAKNTVYLOMNS LRPEDTAVYYCAAEPPDSSWYLDG
SPEFFKYWGQGTLVTVSS

< 1IL6R74, SEQ ID NO: 617“; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGFTFDDYDIGWFRQAPGKGREGVSGISS
SDGNTYYADSVKGRFTI SSDNAKNTLYLOMNS LRPEDTAVYYCAAEPPDSSWYLDG
SPEFFKYWGQGTLVTVSS

< 1IL6R75, SEQ ID NO: 618“; PRT; ->"
EVQLVESGGGLVQPGGSLRLS CAASGFTFSDYDIGWFRQAPGKGREGVSGISS
SDGNTYYADSVKGRETI SRDNAKNTLYLOMNS LRPEDTAVYYCAAEPPDSSWYLDG
SPEFFKYWGQGTLVTVSS

< 1IL6R81, SEQ ID NO: 619“; PRT; ->"
EVQLVESGGGLVQPGGSLRLS CAASGF TFDDYGMSWVRQAPGRATEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTVYLQMNS LRPEDTAVY YCVKGS TAIVGYVP
PTYPDEYDYWGQGTLVTVSS

< 1IL6R82, SEQ ID NO: 620“; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGF TFDDYGMSWVRQAPGKGLEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTVYLQMNS LRPEDTAVY YCVKGS TAIVGVP
PTYPDEYDYWGQGTLVTVSS

< 1IL6R83, SEQ ID NO: 621%; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGF TFDDYGMSWVRQAPGRATEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTLYLQMNS LRPEDTAVY YCVKGS TAIVGVP
PTYPDEYDYWGQGTLVTVSS

< 1IL6R84, SEQ ID NO: 622%; PRT; ->"
EVQLVESGGGLVQPGGSLRLS CAASGF TFDDYGMSWVRQAPGKGLEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTLYLQMNS LRPEDTAVY YCVKGS TAIVGVP
PTYPDEYDYWGQGTLVTVSS

< 1IL6R85, SEQ ID NO: 623“; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGF TFDDYGMSWVRQAPGRGLEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTLYLQMNS LRPEDTAVY YCVKGS TAIVGVP
PTYPDEYDYWGQGTLVTVSS

< 1IL6R86, SEQ ID NO: 624“; PRT; ->"
EVQLVESGGGLVQPGGSLRLS CAASGF TFDDYGMSWVRQAPGRALEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTLYLQMNS LRPEDTAVY YCVKGS TAIVGVP
PTYPDEYDYWGQGTLVTVSS

< 1IL6R87, SEQ ID NO: 625“; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGEF TFDDYGMSWVRQAPGKATEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTLYLQMNS LRPEDTAVY YCVKGS TAIVGVP
PTYPDEYDYWGQGTLVTVSS

< 1IL6R8S8, SEQ ID NO: 626“; PRT; ->"
EVQLVESGGGLVQPGGSLRLS CAASGF TFDDYGMSWVRQAPGKGTEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTLYLQMNS LRPEDTAVY YCVKGS TAIVGVP
PTYPDEYDYWGQGTLVTVSS
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Nanobodies and polypeptides against the IL-6 receptor.
“(t)” refers to a translated protein. Leader sequences and
N-terminal sequences are given as SEQ ID NO’'s: 472-477.

< 1IL6R89, SEQ ID NO: 627“; PRT; -»"
EVQLVESGGGLVQPGGSLRLS CAASGF TFDDYGMSWVRQAPGRGTEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTLYLQMNS LRPEDTAVY YCVKGS TAIVGVP
PTYPDEYDYWGQGTLVTVSS

< 1IL6R90, SEQ ID NO: 628“; PRT; ->"
EVQLVESGGGLVQPGGSLRLS CAASGEF TFDDYGMSWVRQAPGKALEWVSAT
SWNGNNTYYTESMKGRETI SRDNAKNTLYLQMNS LRPEDTAVY YCVKGS TAIVGVP
PTYPDEYDYWGQGTLVTVSS

< REFERENCE IGG HEAVY CHAIN, SEQ ID NO: 629%; PRT; ->"
QVQLQESGPGLVRPSQTLSLTCTVSGYSITSDHAWSWVRQPPGRGLEWIGYIS
YSGITTYNPSLKSRVTMLRDTSKNQFSLRLSSVTAADTAVYYCARSLARTTAMDYW
GQGSLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTS
GVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDK
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVD
GVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTI
SKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKT
TPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY TQKSLSLSPGK

< REFERENCE IGG LIGHT CHAIN, SEQ ID NO: 630“; PRT; ->"
DIQMTQSPSSLSASVGDRVTITCRASQDISSYLNWYQQKPGKAPKLLIYYTSRL
HSGVPSRFSGSGSGTDFTFTISSLOQPEDIATYYCQQGNTLPYTFGQGTKVEIKRTVAAP
SVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKD
STYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

< REFERENCE FAB HEAVY CHAIN, SEQ ID NO: 631“; PRT; ->"
QVQLQESGPGLVRPSQTLSLTCTVSGYSITSDHAWSWVRQPPGRGLEWIGYIS
YSGITTYNPSLKSRVTMLRDTSKNQFSLRLSSVTAADTAVYYCARSLARTTAMDYW
GQGSLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTS
GVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSC

< REFERENCE FAB LIGHT CHAIN, SEQ ID NO: 632%; PRT; ->"
DIQMTQSPSSLSASVGDRVTITCRASQDISSYLNWYQQKPGKAPKLLIYYTSRL
HSGVPSRFSGSGSGTDFTFTISSLOQPEDIATYYCQQGNTLPYTFGQGTKVEIKRTVAAP
SVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKD
STYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

< IL6R MACACA FASCICULARIS, SEQ ID NO: 633%; PRT; -»"
LAPGGCPAQEVARGVLTSLPGDSVTLT CPGGEPEDNATVHWVLRKPAEGSHL
SRWAGVGRRLLLRSVQLHDSGNYSCYRAGRPAATVHLLVDVPPEEPQLS CFRKSPLS
NVVCEWGPRS TPSPTTKAVLLVRKFQNSPAEDFQEPCQYSQESQKFSCQLAVPEGDS
SFYIVSMCVASSVGSKLSKTQTFQGCGILQPDPPANI TVTAVARNPRWLSVTWQDPH
SWNSSFYRLRFELRYRAERSKTFTTWMVKDLQHHCY THDAWSGLRHVVQLRAQEEF
GQGEWS EWSPEAMGTPWTESRSPPAENEVS TP TQAP TTNKDDDNI LSGDSANATSLP
vQD

SEQUENCE LISTING

The patent contains a lengthy “Sequence Listing” section. A copy of the “Sequence Listing” is available in
electronic form from the USPTO web site (http://seqdata.uspto.gov/?pageRequest=docDetail&DocID=US10618966B2).
An electronic copy of the “Sequence Listing” will also be available from the USPTO upon request and payment of the
fee set forth in 37 CFR 1.19(b)(3).

The invention claimed is: action between interleukin-6 (IL-6) and IL.-6R, wherein
the polypeptide comprises 4 framework regions (FR1
to FR4 respectively) and 3 complementarity determin-
ing regions (CDR1 to CDR3), in which:

CDR1 is chosen from the group consisting of:

a) the amino acid sequence of SEQ ID NO: 135; and
b) an amino acid sequence having 3, 2, or 1 amino acid

65 difference with SEQ ID NO: 135 and that is derived

at least one polypeptide that specifically binds to inter- from SEQ ID NO: 135 by means of affinity matu-
leukin-6 receptor (IL-6R) and that modulates the inter- ration; and

1. A method for the treatment of sepsis, cancer, bone
resorption, osteoporosis, cachexia, psoriasis, mesangial pro- ¢o
liferative glomerulonephritis, Kaposi’s sarcoma, AIDS-re-
lated lymphoma, and inflammatory diseases, said method
comprising administering, to a subject in need thereof, a
pharmaceutically active amount of:
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CDR2 is chosen from the group consisting of:
¢) the amino acid sequence of SEQ ID NO: 237; and
d) an amino acid sequences having 3, 2, or 1 amino acid

difference with SEQ ID NO: 237 and that is derived
from SEQ ID NO: 237 by means of affinity matu-
ration; and

CDR3 is chosen from the group consisting of:

e) the amino acid sequence of SEQ ID NO: 339; and

) an amino acid sequences having 3, 2, or 1 amino acid
difference with SEQ ID NO: 339 and that is derived
from SEQ ID NO: 339 by means of affinity matu-
ration; and

one or more further pharmaceutically active compounds.

2. The method according to claim 1, in which the CDR
sequences of the polypeptide have at least 80% amino acid
identity, at least 90% amino acid identity, 95% amino acid
identity or more, or even essentially 100% amino acid
identity with the CDR sequence of SEQ ID NO: 441.

3. The method acid according to claim 1, wherein the
polypeptide essentially consists of a domain antibody, of a
single domain antibody, of a dAb, of a VHH, of a humanized
VHH, or of a camelized VH.

4. The method according to claim 1, wherein the poly-
peptide essentially consists of a VHH, of a humanized VHH,
or of a camelized VH that

a) has 80% amino acid identity with at least one of the
amino acid sequences of SEQ ID NOs: 399 to 471, in
which for the purposes of determining the degree of
amino acid identity, the amino acid residues that form
the CDR sequences are disregarded;

and in which:

b) one or more of the amino acid residues at positions 11,
37, 44, 45, 47, 83, 84, 103, 104 and 108 according to
the Kabat numbering are chosen from;
at position 11: L, M, S, V, or W,
at position 37: F, Y, H, , L, or V,

at position 44: G, E, A, D, Q, R, S, or L,

at position 45: L, R, C, , L, P, Q, or V,

at position 47: W, L, F, A G, , M,R, S, V,orY,
at position 83: R, K, N, E, G, L M, Q, or T,

at position 84: P, A, L, R, S, T, D, or V,

at position 103: W, P, R, or S,
at position 104: G, or D, and
at position 108: Q, L, or R.

5. The method according to claim 1, wherein the poly-
peptide essentially consists of a humanized VHH.

6. The method according to claim 1, wherein the poly-
peptide is chosen from the group consisting of:

a) SEQ ID NO: 441,

b) an amino acid sequence having at least 95% sequence

identity with SEQ ID NO: 441; and

¢) an amino acid sequence having 3, 2 or only 1 amino

acid difference with SEQ ID NO: 441.

7. The method according to claim 1, wherein the poly-
peptide further comprises one or more other groups, resi-
dues, moieties or binding units, optionally linked via one or
more linkers.
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8. The method according to claim 7, wherein the linker is
selected from the group consisting of SEQ ID NOs: 37-41.

9. The method acid according to claim 7, wherein the one
or more other groups, residues, moieties or binding units
provide the polypeptide with increased half-life.

10. The method according to claim 9, wherein the one or
more other groups, residues, moieties or binding units that
provide the polypeptide with increased half-life are chosen
from the group consisting of serum proteins or fragments
thereof, binding units that can bind to serum proteins, an Fc
portion, and small proteins or peptides that can bind to
serum proteins.

11. The method according to claim 9, wherein the one or
more other groups, residues, moieties or binding units that
provide the compound or construct with increased half-life
are chosen from the group consisting of domain antibodies,
single domain antibodies, dAbs, VHHs, humanized VHHs,
and VHs that can bind to serum albumin, human serum
albumin, a serum immunoglobulin, or IgG.

12. The method according to claim 11, wherein the one or
more other VHHs, humanized VHHs and VHs are selected
from the group consisting of SEQ ID NOs: 32-34.

13. The method according to claim 1, wherein the cancer
is chosen from the group consisting of multiple myeloma
disease (MM), renal cell carcinoma (RCC), plasma cell
leukaemia, lymphoma, B-lymphoproliferative disorder
(BLPD), and prostate cancer.

14. The method according to claim 1, wherein the inflam-
matory diseases are chosen from the group consisting of
rheumatoid arthritis, systemic onset juvenile idiopathic
arthritis, hypergammaglobulinemia, Crohn’s disease, ulcer-
ative colitis, systemic lupus erythematosus (SLE), multiple
sclerosis, Castleman’s disease, IgM gammopathy, cardiac
myxoma, asthma, allergic asthma and autoimmune insulin-
dependent diabetes mellitus.

15. The method according to claim 1, wherein the poly-
peptide is administered intravenously or subcutaneously.

16. The method according to claim 1, wherein the one or
more further pharmaceutically active compound is used for
treatment of an inflammatory disease chosen from the group
consisting of rheumatoid arthritis, systemic onset juvenile
idiopathic arthritis, hypergammaglobulinemia, Crohn’s dis-
ease, ulcerative colitis, systemic lupus erythematosus (SLE),
multiple sclerosis, Castleman’s disease, I[gM gammopathy,
cardiac myxoma, asthma, allergic asthma and autoimmune
insulin-dependent diabetes mellitus.

17. The method according to claim 1, wherein the at least
one polypeptide and the one or more further pharmaceuti-
cally active compound are administered via a different route
of administration.

18. The method according to claim 1, wherein the at least
one polypeptide and the one or more further pharmaceuti-
cally active compound are administered at different times.
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